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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a longitudinally coupled resonator surface 



acoustic wave (SAW) filter capable of not only achieving, a wider band but also 
significantly reducing the insertion loss in the passband. 

SOLUTION: The longitudinally coupled resonator SAW filter 1 is provided with at 
least three IDTs (interdigital transducers) 13-15, each having electrode fingers in 
the propagation direction of an SAW on a piezoelectric substrate 2. In at least 
one of the IDTs 13-15, the electric finger period of a first portion, which is one 
part from the end portion of another IDT adjacent in the propagation direction of 
the SAW, is set different from the electrode finger period of a second portion 
which is the remaining part of the IDT. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is formed along the surface acoustic wave propagation direction on 
the piezo-electric substrate and said piezo-electric substrate. It has at least three 
IDT(s) which have two or more electrode fingers of a book, respectively. The 
period of the electrode finger of the 1st part which is a part from other IDT side 
edge sections which adjoin in the surface wave propagation direction in at least 
one IDT The vertical joint resonator mold surface acoustic wave filter with which 
it differs from the period of the electrode finger of the 2nd part which is this 
remaining part of IDT, and wavelength of the surface wave decided by the period 
of the electrode finger of the 1 st and 2nd part is characterized by being lambdal 1 
and Iambdal2, respectively. 

[Claim 2] A vertical joint resonator mold surface acoustic wave filter according to 
claim 1 with the period of the electrode finger of said 1st part smaller than the 
period of the electrode finger of said 2nd part. 

[Claim 3] The vertical joint resonator mold surface acoustic wave filter according 
to claim 2 whose period of the electrode finger of said 1st part is 0.82 to 0.99 
times the period of the electrode finger of said 2nd part. 

[Claim 4] The vertical joint resonator mold surface acoustic wave filter according 
to claim 1 to 3 with which the both sides of IDT of a ****** pair are constituted so 
that the period of the electrode finger of the 1st part may differ from the period of 



the electrode finger of the 2nd part, and abbreviation coincidence of the ****** 
electrode finger pitch of IDT of said pair is carried out with 0.5lambdal1. 
[Claim 5] The vertical joint resonator mold surface acoustic wave filter according 
to claim 1 to 3 with which only one side of IDT of a ****** pair is constituted so 
that the period of the electrode finger of the 1st part may differ from the period of 
the electrode finger of the 2nd part, and the ****** electrode finger pitch of IDT of 
said pair is characterized by carrying out abbreviation coincidence 
0.25lambdal 1 +0.25lambdal2. 

[Claim 6] The vertical joint resonator mold surface acoustic wave filter according 
to claim 1 to 5 with which an electrode finger pitch [ in / in the electrode finger of 
the 1 st part and the electrode finger of the 2nd part / a ****** part ] is 
characterized by carrying out abbreviation coincidence 
0.25lambdal1+0.25lambdal2 in IDT carried out if the period of the electrode 
finger of said 1 st part is the 2nd period and ** of an electrode finger of a part. 
[Claim 7] The vertical joint resonator mold surface acoustic wave filter according 
to claim 1 to 6 characterized by the polarities of the ****** electrode finger of IDT 
which has the 1st and 2nd part, and this IDT that adjoins IDT differing. 
[Claim 8] The vertical joint resonator mold surface acoustic wave filter according 
to claim 1 to 7 whose number of the sum total of the electrode finger of the 1 st 
part is 1 8 or less in the both sides of the part which is as **** of IDT of a ****** 
pair. 

[Claim 9] The vertical joint resonator mold surface acoustic wave filter according 
to claim 1 to 8 characterized by setting to lambda (0.08+0.5n)l2 (0.24+0.5n) to 
Iambdal2 (n= 1 , 2 and 3, -) the pitch of the electrode fingers which are not 
changing the period of IDT of an adjacent pair. 

[Claim 10] The vertical joint resonator mold surface acoustic wave filter according 
to claim 1 to 9 characterized by setting to lambda (0.13+0.5n)l2 (0.23+0.5n) to 
Iambdal2 (n= 1, 2 and 3, -) the pitch of the electrode fingers which are not 
changing the period of IDT of an adjacent pair. 

[Claim 11] The vertical joint resonator mold surface acoustic wave filter according 



to claim 1 to 1 0 which the both sides of IDT of a ****** pair have said 1 st and 2nd 

part in the surface wave propagation direction, and is characterized by the 

numbers of the electrode finger of the 1st part in both IDT(s) differing. 

[Claim 12] The vertical joint resonator mold surface acoustic wave filter according 

to claim 1 to 1 1 with which said piezo-electric substrate makes Y shaft 

orientations rotate LiTa03 single crystal in 36 - 44 degrees focusing on the X- 

axis. 

[Claim 13] The vertical joint resonator mold surface acoustic wave filter according 

to claim 1 to 12 with which the thickness of the electrode finger of said 1st part 

differs from the thickness of the electrode finger of the 2nd part. 

[Claim 14] The vertical joint resonator mold surface acoustic wave filter according 

to claim 1 3 with which thickness of the electrode finger of said 1 st part is made 

thinner than the thickness of the electrode finger of said 2nd part. 

[Claim 15] The vertical joint resonator mold surface acoustic wave filter according 

to claim 1 to 14 which the electrode finger of said 1st part consists of with the 

split electrode. 

[Claim 16] The vertical joint resonator mold surface acoustic wave filter with 
which a vertical joint resonator mold surface acoustic wave filter according to 
claim 1 to 15 is characterized by carrying out at least two-step cascade 
connection. 

[Claim 17] The vertical joint resonator mold surface acoustic wave filter according 
to claim 1 6 carried out if the period of said electrode finger of the 1 st part [ in / 
two or more / the vertical joint resonator mold surface acoustic wave filter of at 
least one stage of the vertical joint resonator mold surface acoustic wave filter of 
a stage ] is said the 1st period and ** of an electrode finger of a part in the 
vertical joint resonator mold surface acoustic wave filter of other stages. 
[Claim 18] The vertical joint resonator mold surface acoustic wave filter according 
to claim 17 with which the periods of the electrode finger of said 1st part differ in 
two or more steps of each stage of a vertical joint resonator mold surface 
acoustic wave filter. 



[Claim 19] The vertical joint resonator mold surface acoustic wave filter according 
to claim 1 to 18 by which at least one series resonance child and/or a parallel 
resonance child are connected to the input side and/or the output side. 
[Claim 20] The vertical joint resonator mold surface acoustic wave filter according 
to claim 1 to 19 constituted so that it may have balanced - unbalance I/O. 
[Claim 21] The vertical joint resonator mold surface acoustic wave filter according 
to claim 1 to 19 constituted so that it may have balanced - balance I/O. 
[Claim 22] The transmitter equipped with a vertical joint resonator surface 
acoustic wave filter according to claim 1 to 21 as a band-pass filter. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the vertical joint 
resonator mold surface acoustic wave filter which has three or more IDT(s) 
(INTADEJITARUTORANSUDEYUSA) about a vertical joint resonator mold 
surface acoustic wave filter. 
[0002] 



[Description of the Prior Art] Conventionally, the surface acoustic wave filter is 
widely used as a band pass filter of RF stage of a portable telephone. Various 
proposals are made, in order that it may be called for that they are low loss, the 
high magnitude of attenuation, and a broadband etc. and it may fill these 
demands with a band pass filter also in a surface acoustic wave filter. 
[0003] An example of an approach which attains broadband-ization in a vertical 
joint resonator mold surface acoustic wave filter is indicated by the following 
patent reference 1. Here, the approach of arranging resonance mode the optimal 
is adopted by shifting the conditions with which the electrode finger between 
****** IDT is periodically located in a line, and the electrode finger pitch by which 
IDT of two ****** more specifically adjoins in the surface acoustic wave 
propagation direction from 0.5 times of the wavelength decided by the period of 
an electrode finger. 
[0004] 

[Patent reference 1] JP,5-267990,A [0005] 

[Problem(s) to be Solved by the Invention] However, if the pitch of a ****** 
electrode finger is shifted between ****** IDT like the above-mentioned patent 
reference 1 from 0.5 times of the wavelength decided by the period of an 
electrode finger, in the part, the periodic continuity of a surface acoustic wave 
propagation path will get worse. When piezo-electric substrates using a leakage 
surface acoustic wave (Leakey wave), such as the 36 degreeY cut X propagation 
LiTa03 and the 64 degreeY cut X propagation LiNb03, are used especially, loss 
by radiation of a bulk wave will increase. Consequently, attaining broadband- 
ization had the problem that an insertion loss became large, even if possible. 
[0006] The purpose of this invention cancels the trouble of the patent reference 1 
mentioned above, and is to offer the vertical joint resonator mold surface acoustic 
wave filter which can make the insertion loss in a passband small it not only to be 
able to to attain broadband-ization, but. 
[0007] 

[Means for Solving the Problem] According to the large aspect of affairs of this 



invention, it is formed along the surface acoustic wave propagation direction on 
the piezo-electric substrate and said piezo-electric substrate. It has at least three 
IDT(s) which have two or more electrode fingers of a book, respectively. The 
period of the electrode finger of the 1st part which is a part from other IDT side 
edge sections which adjoin in the surface wave propagation direction in at least 
one IDT It differs from the period of the electrode finger of the 2nd part which is 
this remaining part of IDT, and the vertical joint resonator mold surface acoustic 
wave filter whose wavelength of the surface wave decided by the period of the 
electrode finger of the 1st and 2nd part is lambdaM and Iambdal2, respectively is 
offered. 

[0008] On the specific aspect of affairs with this invention, the period of the 
electrode finger of the 1st part is made smaller than the period of the electrode 
finger of the 2nd part. On the more restrictive aspect of affairs of this invention, 
the period of the electrode finger of the 1st part is 0.82 to 0.99 times the period of 
the electrode finger of the 2nd part. 

[0009] The both sides of IDT of a ****** pair consist of another specific aspects of 
affairs of this invention so that the period of the electrode finger of the 1st part 
may differ from the period of the electrode finger of the 2nd part, and 
abbreviation coincidence of the ****** electrode finger pitch of IDT of said pair is 
carried out with 0.5lambdal1. 

[0010] Only one side of IDT of a ****** pair consists of other specific aspects of 
affairs of this invention so that the period of the electrode finger of the 1st part 
may differ from the period of the electrode finger of the 2nd part, and 
abbreviation coincidence of the ****** electrode finger pitch of IDT of said pair is 
carried out 0.25lambdal1+0.25lambdal2. 

[001 1] On other specific aspects of affairs of this invention, abbreviation 
coincidence of the electrode finger pitch [ in / in the electrode finger of the 1st 
part and the electrode finger of the 2nd part / a ****** part ] is further carried out 
0.25lambdal1+0.25lambdal2 in IDT carried out if the period of the electrode 
finger of the 1 st part is the 2nd period and ** of an electrode finger of a part. 



[0012] On still more nearly another specific aspect of affairs of this invention, if 
the polarity of the ****** electrode finger of IDT which has the 1st and 2nd part, 
and this IDT that adjoins IDT is **, it is carried out. On another specific aspect of 
affairs of this invention, the number of the sum total of the electrode finger of the 
1st part is made or less into 18 in the both sides of the part which is as **** of IDT 
of a ****** pair. 

[0013] On still more nearly another specific aspect of affairs of this invention, the 
pitch of the electrode fingers which are not changing the period of IDT of an 
adjacent pair is set to lambda (0.08+0.5n)l2 (0.24+0.5n) to Iambdal2 (n= 1, 2 and 
3, --)■ 

[0014] On still more nearly another specific aspect of affairs of this invention, the 
pitch of the electrode fingers which are not changing the period of IDT of an 
adjacent pair is set to lambda (0.13+0.5n)l2 (0.23+0.5n) to Iambdal2 (n= 1, 2 and 
3, -). 

[0015] In the surface wave propagation direction, the both sides of IDT of a ****** 
pair have the 1st and 2nd part of the above, and it consists of still more nearly 
another specific aspects of affairs of this invention so that the numbers of the 
electrode finger of the 1st part in both IDT(s) may differ. 
[0016] In this invention, although especially the piezoelectric material that 
constitutes the above-mentioned piezo-electric substrate is not necessarily 
limited, the thing which made Y shaft orientations rotate LiTa03 single crystal in 
36 - 44 degrees focusing on the X-axis is used preferably. 
[001 7] The thickness of the electrode finger of said 1 st part consists of other 
specific aspects of affairs of this invention so that it may differ from the thickness 
of the electrode finger of the 2nd part. In this case, thickness of the electrode 
finger of said 1st part is preferably made thinner than the thickness of the 
electrode finger of said 2nd part. 

[0018] Moreover, the electrode finger of said 1st part is further constituted from 
other specific aspects of affairs of this invention by the split electrode. On other 
specific aspects of affairs of this invention, at least two-step cascade connection 



of the vertical joint resonator mold surface acoustic wave filter concerning this 
invention is carried out further. It is made desirable if the period of said electrode 
finger of the 1st part [ in / two or more / the vertical joint resonator mold surface 
acoustic wave filter of at least one stage of the vertical joint resonator mold 
surface acoustic wave filter of a stage ] is said the 1st period and ** of an 
electrode finger of a part in the vertical joint resonator mold surface acoustic 
wave filter of other stages. 

[0019] Moreover, on the more restrictive aspect of affairs of this invention, the 
periods of the electrode finger of said 1st part differ in each stage of the vertical 
joint resonator mold surface acoustic wave filter of the above-mentioned two or 
more stages. On other specific aspects of affairs of this invention, at least one 
series resonance child and/or a parallel resonance child are further connected to 
the input side and/or the output side. 

[0020] The vertical joint resonator mold surface acoustic wave filter concerning 

this invention may be constituted so that it may have balanced - unbalance I/O, 

and it may be constituted so that it may have balanced - balance I/O. 

[0021] The transmitter concerning this invention is equipped with the vertical joint 

resonator mold surface acoustic wave filter constituted according to this invention 

as a band-pass filter. 

[0022] 

[Embodiment of the Invention] By explaining the concrete example of this 
invention hereafter explains this invention to a detail more. 
[0023] Drawing 1 is a schematic-drawing-top view for explaining the vertical joint 
resonator mold surface acoustic wave filter concerning the 1st example of this 
invention. In addition, in this example and the following examples, it is applied to 
the band pass filter for reception of the cellular phone of an EGSM method. But 
the vertical joint resonator mold surface acoustic wave filter concerning this 
invention can be used also as a band pass filter in the portable telephone of 
other methods, and other communication equipment other than a portable 
telephone. 



[0024] The vertical joint resonator mold surface acoustic wave filter 1 of this 
example is constituted by forming the electrode structure shown in drawing 1 with 
the schematic-drawing-top view on the piezo-electric substrate 2. The piezo- 
electric substrate 2 is constituted using 36 degreeY cut X propagation LiTa03 
substrate. But the piezo-electric substrate 2 may be constituted using LiTa03 
substrate of other crystal orientation, or may be constituted using piezo-electric 
single crystals, such as other piezoelectric material other than LiTa03 substrate, 
for example, LiNb03 substrate, and Xtal, or electrostrictive ceramics. 
Furthermore, the piezo-electric substrate 2 may be constituted by forming piezo- 
electric thin films, such as a ZnO thin film, on an insulating substrate. 
[0025] With the vertical joint resonator mold surface acoustic wave filter 1 of this 
example, the electrode structure explained in full detail below by aluminum is 
formed on the piezo-electric substrate 2. But as an electrode material, the metals 
or alloys other than aluminum may be used. 

[0026] In this example, cascade connection of the 1st and 2nd vertical joint 
resonator mold surface acoustic wave filter 1 1 and 12 is carried out. That is, two- 
step cascade connection of the two vertical joint resonator mold surface acoustic 
wave filters 1 1 and 12 is carried out. 

[0027] The surface acoustic wave filters 1 1 and 12 all have three IDT(s) arranged 
along the surface wave propagation direction. That is, these surface acoustic 
wave filters 1 1 and 12 are 3IDT type vertical joint resonator mold surface 
acoustic wave filters. Moreover, the electrode design of the surface acoustic 
wave filters 1 1 and 12 is made the same. 

[0028] The surface acoustic wave filter 1 1 has IDT 13-15. And the reflectors 16 
and 17 of a grating mold are arranged at the surface-wave propagation direction 
both sides of a part in which IDT 13-15 is formed. It has the grating mold 
reflectors 21 and 22 with which similarly the surface acoustic wave filter 12 has 
also been arranged at the surface-wave propagation direction both sides of the 
field in which three IDT(s) 18-20 and IDT 18-20 are formed. 
[0029] In this example, the end of IDT14 arranged in the center of the surface 



acoustic wave filter 1 1 is used as the input edge, and let IDT19 arranged in the 
center of the surface acoustic wave filter 12 be an outgoing end. Moreover, the 
end of IDT 13 and 15 is connected to the end of IDT 18 and 20, respectively. 
Each IDT 13-15 by the side of reverse and the edge of 18-20 are connected with 
the edge connected to an I/O edge or both IDT(s) at ground potential so that 
clearly from drawing 1 . 

[0030] In the surface acoustic wave filters 11 and 12, the description of the 
vertical joint resonator mold surface acoustic wave filter 1 of this example is set 
on both sides between ****** IDT, and some electrode finger pitches of IDT have 
it in being narrowed rather than the electrode finger pitch of this remaining part of 
IDT. This is taken to IDT13, between 14 is taken for an example, and it explains 
more concretely. 

[0031] IDT13 and IDT14 are as **** in the surface wave propagation direction. 
The electrode finger pitch between several electrode fingers 13a and 13b is 
narrowed from the edge by the side of IDT14 of IDT13 rather than the remaining 
electrode fingers 13c, 13d, 13e, and 13fand the electrode finger pitch for 13g. 
Similarly, also in IDT14, the electrode finger pitch between several electrode 
fingers 14a of the edge by the side of IDT13 and 14b is narrowed rather than the 
electrode fingers 14c, 14d, 14e, and 14f and the electrode finger pitch for 14g. In 
addition, in IDT13, use as the 1st part the part by which the electrode finger pitch 
between two or more electrode fingers 13a and 13b is narrowed as mentioned 
above from the IDT14 side-edge section, and let the part by which the remaining 
electrode fingers 13c-13g are arranged be the 2nd part. Thus, with the surface 
acoustic wave filter 1 of this example, the pitch of two or more electrode fingers is 
narrowed rather than the pitch of the remaining electrode finger from each IDT 
side edge section which IDT adjoins. 

[0032] In addition, in IDT14 arranged in the center, the 1st part is arranged at the 
surface wave propagation direction both sides. That is, not only the part in which 
the electrode fingers 14a and 14b mentioned above are formed but the part in 
which the electrode finger pitch is narrowed also in the part by which two or more 



electrode fingers 14h and 14i of the edge by the side of IDT15 are arranged, 
therefore the electrode fingers 14h and 14i are formed turns into the 1st part. 
[0033] Also in IDT15, the 1st part is constituted like IDT13 at the IDT14 side, and 
the 2nd part is constituted except the 1st part. Moreover, it is constituted by IDT 
18-20 by the side of the surface acoustic wave filter 12 as well as IDT 13-15. 
[0034] In addition, in each drawing showing drawing 1 and the electrode structure 
of the below-mentioned modification or other examples, in order to make 
illustration easier than the number of actual electrode fingers, the number of 
electrode fingers is illustrated few. 

[0035] Next, the detail of the electrode structure of the surface acoustic wave 
filter 1 of this example is explained more concretely. Now, wavelength of the 
surface wave to which the wavelength of the surface wave defined in the 
electrode finger pitch of the 1st part of the above is set in lambdaM and the 
electrode finger pitch of the 2nd part is set to Iambdal2. 
[0036] Each electrode finger crossover width of face of IDT 13-18 is 
35.8lambdal2, and electrode layer thickness is 0.08lambdal2. Moreover, the 
number of the electrode finger of IDT 13-15 is as follows. 
[0037] IDT13 ~ For 29 numbers of an electrode finger, however the number of 
the electrode finger of the 1 st part, the number of 4 and the electrode finger of 
the 2nd part is 25. IDT14 ~ The number of an electrode finger of 33 numbers of 
an electrode finger, however the 1st part of both sides is four, respectively, and 
the number of the electrode finger of the 2nd central part is [ 33-8=25 ]. IDT15 - 
The number of an electrode finger is 29 and the number of 4 and the electrode 
finger of the 2nd part is [ the number of the electrode finger of the 1 st part ] 25. 
The above lambdaM which shows the wavelength of IDT is 3.90 micrometers, 
and Iambdal2 is 4.19 micrometers. 

[0038] The number of the electrode finger of reflectors 16 and 17 is 100, and 
wavelength lambdaR is 4.29 micrometers. 

[0039] Moreover, when spacing of the 1st part and the 2nd part takes IDT13 of 
drawing 1 for an example, it becomes spacing between the core of electrode 



finger 13c, and the core of electrode finger 13b, and this spacing is 
0.25lambdal1+0.25lambdal2. Also let spacing between the 1st part and the 2nd 
part in other IDT(s) be the same magnitude. Furthermore, the pitch between 
spacing between ****** IDT, for example, ****** electrode finger 14i of IDT14 and 
IDT15, and 15a is set to 0.50lambdal1. 

[0040] Furthermore, the mutual electrode finger pitch between IDT 13 and 15, 
and the outside edge of each spacing with reflectors 16 and 17, i.e., IDT, and the 
inside edge of a reflector is 0.50lambdaR. 

[0041] Moreover, the duty of 0.73 and a reflector of each duty of IDT 13-15 is 
0.55. In addition, duty shows the rate of the width of face of an electrode finger to 
(spacing between the width-of-face + electrode fingers of an electrode finger) 
here. 

[0042] In addition, it is constituted by each IDT 18-20 and reflectors 21 and 22 of 
the surface wave filter 12 as well as [ completely ] IDT 13-15 and reflectors 16 
and 17. This example has the description for spacing between the 1st and 2nd 
part and spacing between ****** IDT to be designed as mentioned above. In 
addition, although later explained more to a detail, when wavelength differs on 
0.50 times of the wavelength of IDT of the perimeter, and both sides of spacing, 
when maintaining the continuity of IDT, it is desirable [ these spacing / making it 
spacing which added 0.25 times of such wavelength ]. 

[0043] For the comparison, the conventional vertical joint resonator mold surface 
acoustic wave filter was prepared. The electrode structure of this conventional 
vertical joint resonator mold surface acoustic wave filter is shown in drawing 2 . If 
two sorts of spacing like the vertical joint resonator mold surface acoustic wave 
filter 1 is not prepared but spacing between all electrode fingers removes an 
equal thing, the vertical joint resonator mold surface acoustic wave filter 201 is 
similarly constituted, so that clearly from drawing 2 . Therefore, about the same 
part, the detailed explanation is omitted by ****** which gives the reference 
number added 200 to the reference number which shows each part of the vertical 
joint resonator mold surface acoustic wave filter of the above-mentioned example. 



With the surface acoustic wave filter 201 prepared for this comparison, the detail 
of electrode structure was carried out as follows. 

[0044] That is, crossover width of face W of I DT2 13-2 15,2 18-220 was set to 
43.2lambdal. Moreover, the number of the electrode finger of IDT was carried out 
as follows. 213,215,218,220-25 IDT(s). 214,219-31 IDT(s). 
[0045] For wavelength lambdal of IDT, 4.17 micrometers and wavelength 
lambdaR of a reflector are 4.29 micrometers. The number of the electrode finger 
of a reflector was made into 100, respectively. Moreover, the electrode finger 
pitch between ****** IDT-IDT set to 0.32lambdal, and the electrode finger pitch 
with IDT which adjoins a reflector and a reflector was taken as 0.50lambdaR. 
Furthermore, the duty of IDT and the duty of a reflector presupposed that it is the 
same as that of an example, and were taken as 0.08lambdal about electrode 
layer thickness. 

[0046] The amplitude characteristic of the vertical joint resonator mold surface 
acoustic wave filter of the example prepared as mentioned above and the 
conventional example was measured. A result is shown in drawing 3 . The 
continuous line of drawing 3 shows the result of an example, and a broken line 
shows the result of the conventional example. Moreover, the property to which 
the important section of each amplitude characteristic shown as a broken line 
and a continuous line was expanded on the scale on the right-hand side of an 
axis of ordinate is shown collectively. 

[0047] With the vertical joint resonator mold surface acoustic wave filter 1 of this 
example, it turns out that the insertion loss in a passband can be improved 
sharply compared with the conventional example so that clearly from drawing 3 . 
For example, it turns out that it is about 1.7dB in this example, and about 0.6dB 
has improved to the minimum insertion loss in a passband being about 2.3dB in 
the conventional example. 

[0048] Moreover, in the conventional example, the same bandwidth is obtained 
from through level from through level in the example at the 3.9dB magnitude of 
attenuation to the bandwidth of the 4.5dB magnitude of attenuation having been 



about 44MHz. That is, when compared in the whole passband, according to the 
example, compared with the conventional example, only about 0.6dB of insertion 
losses is improved. 

[0049] In this example, the reason which has improved the insertion loss as 
mentioned above is as follows. In the design of a vertical joint resonator mold 
surface acoustic wave filter conventional 3IDT type, the electrode finger pitch 
between ****** IDT was made into 0.25lambdal order. This is for forming a 
passband using three resonance modes which have the peak shown by arrow- 
head A-C in the frequency characteristics of the surface acoustic wave filter of 
the conventional example of drawing 4 clarified by changing an impedance into 
500 ohms from 50ohms. That is, in the electrode structure shown in drawing 5 , 
the passband was formed by using the resonance mode (the arrow head C of 
drawing 4 ) which has the peak of the intensity distribution of a surface acoustic 
wave in the IDT-IDT spacing part other than the zero-order mode (the arrow 
head B of drawing 4 ) shown caudad in schematic drawing, and the secondary 
mode (the arrow head A of drawing 4 ). 

[0050] However, since spacing between IDT-IDT was set to 0.25lambdal, the 
discontinuous part was to occur in a surface wave propagation path. In a 
discontinuous part, since the component emitted as a bulk wave increases, the 
problem that a propagation loss becomes large arises. 

[0051] Therefore, in order to make the above-mentioned propagation loss small, 
spacing between IDT-IDT is set to 0.50lambdal, and it is thought that what is 
necessary is just to lose a discontinuous part. However, when spacing between 
IDT-IDT is set to 0.50lambdal, it becomes impossible to use the three above 
modes, and the problem that broadband-ization cannot be attained arises. 
[0052] This example is set between ****** IDT, in order to solve the two above- 
mentioned problems. While forming a passband using three resonance modes by 
preparing the 1st and 2nd part of the above, namely, changing an electrode 
finger pitch partially within IDT By making spacing between IDT-IDT into about 
0.50 times of the wavelength of IDT of the both sides of this spacing, it has the 



description to have reduced the loss emitted as a bulk wave. 
[0053] Moreover, generally, to the wavelength of the surface wave which has 
spread the inside of a propagation path, when the period of an electrode finger is 
small, the propagation loss of the surface acoustic wave itself becomes small. 
Therefore, as mentioned above, in the 1st part, since the electrode finger pitch is 
made small compared with the 2nd part, the propagation loss of a surface 
acoustic wave is reduced by it. 

[0054] Therefore, as shown in drawing 3 , in spite of having the same pass band 
width as the conventional example in which broadband-ization was attained, the 
insertion loss in a passband can be made remarkably small compared with the 
conventional example. 

[0055] The invention-in-this-application person examined whether a better result 
could be obtained, when making the electrode finger pitch in the 1st part of the 
above how much small to the 2nd part. That is, various electrode finger pitches in 
the 1st part of the vertical joint resonator mold surface acoustic wave filter of the 
example shown in drawing 1 were changed, and it investigated how a 
propagation loss would change with them. A result is shown in drawing 6 . 
[0056] The axis of abscissa of drawing 6 shows the ratio (let this be the pitch 
ratio of a ** pitch electrode finger) to the electrode finger pitch of the 2nd part of 
the electrode finger pitch of the 1st part, and an axis of ordinate shows a 
propagation loss. In addition, the propagation loss in drawing 6 is the value which 
deducted the loss by the mismatching of an impedance, and the ohmic loss by 
resisted part of an electrode finger from the insertion loss in a passband. 
[0057] In addition, in obtaining the result of drawing 6 , the result at the time of 
changing the number of an electrode finger with a narrow electrode finger pitch 
with 8, 12, and 18 is shown. Here with the number of an electrode finger with a 
narrow electrode finger pitch Although the sum total of the number (two are 
illustrated in drawing 1 ) of the electrode finger of the 1st part of IDT13 and the 
number ( drawing 1 2) of the electrode finger of the ** pitch of the 1 st part by the 
side of IDT13 of IDT14 shall be said and four are illustrated by drawing 1 in this 



case if IDT 13-15 is taken for an example It carried out to 8, 12, or 18 as 
mentioned above. 

[0058] Similarly, in the ****** part, although IDT15 and IDT14 were illustrated with 
four by drawing 1 , they made the sum total of the number of an electrode finger 
with a narrow electrode finger pitch 8, 12, and 18 as mentioned above also with 
this. That is, drawing 1 will illustrate the design whose number of an electrode 
finger with the above-mentioned narrow electrode finger pitch is four. In the 
following explanation, "the number of a ** pitch electrode finger" means that it is 
the value defined as mentioned above. 

[0059] It turns out that the pitch ratio of a ** pitch electrode finger becomes [ a 
propagation loss ] the smallest in the 0.95 neighborhoods also in the case of the 
number of which ** pitch electrode finger so that clearly from drawing 6 . 
Improved parts of this propagation loss are considered to be a part for the loss 
emitted as a bulk wave to have decreased, and the sum total for the propagation 
loss of the surface acoustic wave by having made the electrode finger pitch small 
to have decreased. 

[0060] That is, in order to make band interpolation close loss small, it turns out 
that it is desirable to make the pitch ratio of a ****** pitch electrode finger into a 
value of this level. Next, the range where a propagation loss becomes small to 
the conventional example was confirmed. In the design in a conventional method, 
the propagation loss was about 1 .9dB. On the other hand, although explained 
later, as for the number of a ** pitch electrode finger, in this example, carrying out 
to 18 or less is desirable. 

[0061] As for the range where the reduction effectiveness of a propagation loss is 
seen, it turns out that the range of the pitch ratio of a ** pitch electrode finger is 
0.83-0.99 so that clearly from drawing 6 . But although the propagation loss is 
[ the pitch ratio of a ** pitch electrode finger ] small depending on conditions less 
than 0.83, considering that the process tolerance of an electrode has constraint, 
it turns out that the 0.83 to 0.99 neighborhood is desirable. 
[0062] Next, the desirable range of the number of a ** pitch electrode finger was 



checked. Drawing 7 shows the reflection property at the time of adjusting each 
design parameter so that impedance matching in the passband in each when 
making the number of a ** pitch electrode finger into 8 and 1 2 may be planned. 
Drawing 7 (a) shows the case where the number of a ** pitch electrode finger is 
eight, and drawing 7 (b) shows the case where the number of a ** pitch electrode 
finger is 12. 

[0063] When the number of a ** pitch electrode finger is made [ many ], there is 
an inclination for there to be an inclination for the degree of concentration of an 
impedance to worsen, namely, for VSWR and the deflection in a band to get 
worse. Moreover, it is in the inclination for pass band width to become narrow 
because the deflection in a band gets worse. Then, VSWR at the time of 
changing the number of a ** pitch electrode finger on the basis of the design of 
the above-mentioned example and change of pass band width were measured. 
The result is shown in drawing 8 and drawing 32 . 

[0064] In addition, in the number of each ** pitch electrode finger, the value of the 
value of VSWR in drawing 8 and the pass band width in drawing 3232 is a value 
at the time of changing crossover width of face, the pitch in a ** pitch electrode 
finger, etc., as impedance matching in a passband is planned. Generally, as for 
the value of VSWR, carrying out to 2.5 or less is desirable, and when change, 
property variation, etc. of a property by temperature are taken into consideration, 
it is desirable [ pass band width ] that it is 42MHz or more in an EGSM method. 
[0065] In drawing 8 , the number of a ** pitch electrode finger of the range whose 
VSWR is 2.5 or less is 18 or less. Moreover, the number of the ** pitch electrode 
finger whose pass band width is 42MHz or more is also 18 or less so that clearly 
from drawing 32 . That is, it is desirable to make the number of a ** pitch 
electrode finger or less into 18, and it turns out that the degree of concentration 
of an impedance becomes high by it, and the vertical joint resonator mold surface 
acoustic wave filter in which VSWR and the deflection in a band have sufficient 
pass band width small is obtained. 

[0066] Next, change of the propagation loss at the time of changing spacing 



between adjacent IDT(s) from an example was investigated. The result is shown 
in drawing 33 . Although the pitch between adjacent electrode finger 14i of IDT14 
and IDT15 in spacing between IDT(s) which drawing 33 adjoins, for example, 
drawing 1 , and 15a is set to 0.50lambdal1 in the example, it sets this 
0.50lambdal1 to 0, and plots change of the propagation loss over change of the 
pitch from there. In drawing 33 , if the pitch between adjacent IDT(s) is changed, 
the propagation loss will get worse. That is, in order to obtain a low loss filter, the 
pitch between adjacent IDT(s) is understood that it is desirable that it is 
0.50lambdal1. Similarly, spacing of the 1st part and the 2nd part from which a 
pitch differs is desirable in order for that it is 0.25lambdal1+0.25lambdal2 to 
obtain a low loss filter, as it is in an example. 

[0067] Next, when the pitch of the electrode fingers which have not made the 
pitch small, and drawing 1 explained, the pitch of the electrode fingers 13c and 
14c investigated whether it would be desirable how, for example. The result is 
shown in drawing 34 . Drawing 34 is the result of investigating the pitch of the 
electrode fingers which have not made small the pitch at the time of designing a 
filter not only to an EGSM method but to various applications, such as a DCS 
method and a PCS method, so that it may become the optimal property in the 
configuration of this invention. All of these designs are designed so that it may 
have a necessary bandwidth in each method and VSWR may become 2.5 or less. 
Although an axis of abscissa is the value which expressed the pitch of the 
electrode fingers which have not made the pitch small with the wavelength ratio 
of the electrode finger which has not made the pitch small, this value is a value to 
which lengthen the value of 0.5n (n= 1,2,3 -), and it was made for all the values 
to serve as the range of 0.0.-0.5 from the pitch in each case. For example, 
supposing it is 4.73 in a wavelength ratio, in drawing 34 , it will plot as 0.23. 
[0068] In drawing 34 , it is concentrating on about 0.13-0.23, and, in all cases, 
the pitch of the electrode fingers which have not made the pitch small is further 
contained in the range of 0.08-0.24. In a conventional technique like drawing 2 , 
although it was desirable that it is about 0.25-0.30 as for this pitch, in the case of 



this invention, it turns out are [ 0.08 to 0.] 24, and that the range of 0.13-0.23 is 
desirably good. 

[0069] In addition, in this example, although 36 degreeY cut X propagation 
LiTa03 substrate was used, LiTa03 substrate of other crystal orientation, 
LiNb03 substrate, etc. may be used, for example, big effectiveness can be 
especially acquired in the piezo-electric substrate using the Leakey waves, such 
as 36-44 degreeY cut X propagation LiTa03 substrate, 64-72 degreeY cut X 
propagation LiNb03 substrate, and 41 degreeY cut X propagation LiNb03 
substrate. 

[0070] Moreover, in this example, although two-step cascade connection of the 
3IDT type length joint resonator mold surface acoustic wave filter was carried out, 
as shown in drawing 9 , also in one step of vertical joint resonator mold surface 
acoustic wave filter 31 , the effectiveness of this invention can be acquired by 
constituting like this example. Furthermore, the effectiveness of this invention can 
be acquired by applying this invention also to what has five IDT(s) 33-37 like the 
vertical joint resonator mold surface acoustic wave filter 32 which it is not limited 
to what has three IDT(s), for example, is shown in drawing 1010 . 
[0071] That is, in this invention, the number of IDT(s) in a vertical joint resonator 
mold surface acoustic wave filter may be [ or more ] five not only three pieces but, 
and a vertical joint resonator mold surface acoustic wave filter is not limited to a 
list by what has two or more step configuration. 

[0072] (The 2nd example) Drawing 1 1 is the typical top view showing the 
electrode structure of the vertical joint resonator mold surface acoustic wave filter 
concerning the 2nd example of this invention. 

[0073] The vertical joint resonator mold surface acoustic wave filter 41 of the 2nd 
example is constituted completely like the vertical joint resonator mold surface 
acoustic wave filter 1 of the 1st example, if it removes that IDT 14 and 19 
arranged in the center of the surface wave propagation direction is reversed. 
[0074] That is, in the 2nd example, the outermost electrode finger of IDT 14 and 
19 is connected to the I/O edge instead of ground potential to the ****** electrode 



finger of ****** IDT having been connected to ground potential in the 1st example. 
Therefore, the electrode finger connected with the electrode finger which is a 
signal electrode between ****** IDT at the ground potential of outside IDT will be 
as ****. 

[0075] More specifically, the electrode fingers 14a and 14i of IDT14 which is as 
the electrode fingers 13a and 15a and **** to the electrode fingers 13a and 15a 
of the IDT14 side-edge section of IDT 13 and 15 being connected to ground 
potential in drawing 1 1 are connected to the input edge. That is, the polarity of a 
****** electrode finger is reversed between ****** IDT. In the surface acoustic 
wave filter 12, it is constituted similarly. 

[0076] Therefore, the vertical joint resonator mold surface acoustic wave filter of 
the 2nd example has the configuration which carried out two-step cascade 
connection of the vertical joint resonator mold surface acoustic wave filter with 
which the polarity of the ****** electrode finger between ****** IDT is reversed. 
[0077] The difference in the resonance mode of the surface acoustic wave filter 
41 of the 2nd example and the surface acoustic wave filter 1 of the 1st example 
is shown in drawing 12 . Here, the result of having changed the I/O impedance 
into 500 ohms from 50ohms, and having checked resonance mode is shown. 
[0078] In drawing 12 , a continuous line shows the result of the 2nd example and 
a broken line shows the result about the 1st example. D of drawing 12 R> 2 
shows the resonance mode of the standing wave which has the peak of the 
intensity distribution of a surface acoustic wave at IDT-IDT spacing, E is in zero- 
order mode, G is in secondary mode, and F is the mode generated by two-step 
cascade connection. 

[0079] The big difference between the 1st example and the 2nd example is that 
the level of resonance mode shown by the arrow head D is large in the 2nd 
example. In the 1st example, since the ****** electrode finger of ****** lDT(s) is 
connected to ground potential, the surface acoustic wave between IDT-IDT is not 
convertible for an electrical signal. Consequently, the conversion efficiency to the 
electrical signal of resonance mode D which has a strong peak falls to the IDT- 



IDT spacing section. 

[0080] On the other hand, in the 2nd example, since the polarity of the electrode 
finger with which ****** lDT(s) adjoin is reversed, a surface acoustic wave is 
changed into an electrical signal also for the IDT-IDT spacing section. Therefore, 
the conversion efficiency to the electrical signal of the above-mentioned 
resonance mode D is raised. 

[0081] Drawing 13 shows each amplitude characteristic to which the amplitude 
characteristic of the vertical joint resonator mold surface acoustic wave filter of 
the 2nd example and the 1 st example and the insertion loss of an axis of ordinate 
were expanded on the right-hand side scale. In addition, the amplitude 
characteristic of the 2nd example (continuous line) of drawing 13 is acquired from 
the design condition in the 1st example by changing the wavelength of 
33.4lambdal2 and a ** pitch electrode finger into 3.88 micrometers for crossover 
width of face, in order to amend a gap of the impedance by the part from which 
the frequency in the mode and level changed. 

[0082] According to the 2nd example, it turns out that the insertion loss in a 
passband can be improved further and pass band width is also large compared 
with the 1st example (broken line) so that clearly from drawing 13 . Therefore, it 
is desirable to reverse the polarity of the ****** electrode finger between ****** 
IDT, and an insertion loss can offer a small vertical joint resonator mold surface 
acoustic wave filter with wide pass band width further by it. 
[0083] In addition, only in one side of the vertical joint resonator mold surface 
acoustic wave filters 1 1 and 12 which carried out two-step cascade connection, 
the effectiveness of the 2nd example can be acquired, when the polarity of the 
****** electrode finger between IDT(s) is reversed as mentioned above. 
[0084] (The 3rd example) Drawing 14 is the typical top view showing the 
electrode structure of the vertical joint resonator mold surface acoustic wave filter 
concerning the 3rd example of this invention. 

[0085] With the surface acoustic wave filter 51 of the 3rd example Although the 
1 st example does not differ from the number of a ** pitch electrode finger, the 



number of the ** pitch electrode finger of the 1st part of IDT13, It is constituted so 
that the numbers of the ** pitch electrode finger of the 1st part by the side of 
IDT13 of IDT14 may differ, and it is constituted so that the number of the ** pitch 
electrode finger of the 1st part of IDT15 may differ from the number of the ** pitch 
electrode finger of the 1st part by the side of IDT15 of IDT14. About other points, 
since it is constituted like the 1st example, suppose [ part / same ] that 
explanation of the 1st example is used by ****** which attaches the same 
reference number. A different point from the 1st example is explained more 
concretely. In this example, the number of the electrode finger of IDT 13-15 of 
the surface acoustic wave filter 12 is as follows. 

[0086] For the number of 13--30 IDT(s), however the electrode finger of the 1st 
part, the number of 5 and the electrode finger of the 2nd part is 25. IDT14 -- 33 
numbers of an electrode finger, however the 1st part of both sides have three ** 
pitch electrode fingers, respectively, and the 2nd central part has 27 electrode 
fingers. For the number of 15-30 IDT(s), however the electrode finger of the 1st 
part, the number of ******** of 5 and the 2nd part is 25. 

[0087] Moreover, in this example, the surface acoustic wave filters 1 1 and 12 are 
constituted similarly. In addition, in drawing 14 R> 4, in order to simplify 
illustration, the number of an electrode finger is reduced and illustrated. That is, 
at drawing 14 , in IDT14, the ** pitch electrode finger is formed-one right and left 
at a time, and in the 1st part of IDT 13 and 15, the number of ** pitch electrode 
fingers is illustrated as if it was three. 

[0088] The reflection property of the vertical joint resonator mold surface acoustic 
wave filter 51 of this example is shown in drawing 15 (b). Moreover, the reflection 
property in the surface acoustic wave filter of the 1st example is shown in 
drawing 15 (c) for a comparison. 

[0089] It consists of the 3rd example so that the numbers of the ** pitch electrode 
finger of the 1st part of the both sides between ****** IDT may differ, and since an 
impedance is further adjusted in 50 ohms, electrode finger crossover width of 
face is set to 47.7lambdal2. 



[0090] In the 3rd example, it turns out that impedance degree of concentration is 
getting worse compared with the 1st example so that clearly from drawing 15 . 
Moreover, the reflection property at the time of making the number of the ** pitch 
electrode finger of IDT14 increase is conversely shown in drawing 15 R> 5 (a). 
The changed part in this case is set in the 3rd example. The total number of the 
electrode finger of IDT 13, 15, 18, and 20 28 The number of 3 and the electrode 
finger of the 2nd part 25 [ the number of the electrode finger of the 1 st part ] It is 
in making into 37 the total number of the electrode finger of I DT 1 4 and 1 9 
arranged in the center, making the number of the electrode finger of the 1st part 
of both sides into five, respectively, and making the number of the electrode 
finger of the 2nd central part into 27, and crossover width of face being set to 
28.6lambdal2 at the list. Although impedance degree of concentration is raised 
compared with the 1st example, it turns out that an impedance becomes 
capacitive on the whole in this case, so that clearly from drawing 1515 (a). 
[0091] Although it is not necessarily suitable for the band-pass filter of the 
receiving stage of an EGSM method, for other applications, the 3rd example of 
the above and a modification are sometimes effective with the modification which 
has the reflection property shown in the 3rd example and drawing 15 (b). For 
example, although the inclination for VSWR to get worse is seen when 
impedance degree of concentration gets worse as shown in drawing 15 (b), pass 
band width tends to spread. 

[0092] That is, drawing 16 (a) and the continuous line of (b) are drawings 
showing the amplitude characteristic and the VSWR property of a vertical joint 
resonator mold surface acoustic wave filter concerning the 3rd example of the 
above. For a comparison, a broken line shows the 1st amplitude characteristic 
and VSWR property of the vertical joint resonator mold surface acoustic wave 
filter 11 of an example to drawing 16 (a) and (b). 

[0093] According to the 3rd example, compared with the case of the 1st example, 
VSWR is getting worse about 0.2 times so that clearly from drawing 16 , but 
through level shows that about 1.5MHz of pass band width in 4dB has spread. In 



this case, it turns out that it can broadband-ize, the insertion-loss level in a 
passband hardly changing, therefore maintaining low loss. 
[0094] That is, according to the 3rd example, even if VSWR gets worse 
somewhat, it turns out that the suitable vertical joint resonator mold surface 
acoustic wave filter for the application as which reduction of the loss in a 
passband and expansion of pass band width are required can be offered. 
[0095] Next, as shown in drawing 15 (a), impedance degree of concentration is 
good, but an effective example is explained when an impedance becomes 
capacitive. 

[0096] Drawing 17 (a) and (b) show the amplitude characteristic and the VSWR 
property of a vertical joint resonator mold surface acoustic wave filter of the 
above-mentioned modification as a continuous line. For a comparison, a broken 
line shows the 1st amplitude characteristic and VSWR property of a vertical joint 
resonator mold surface acoustic wave filter of an example. In addition, in the 
modification which obtained the result of drawing 17 , electrode finger crossover 
width of face is set to 31 .0lambdal2. The number of 28 and the electrode finger 
of the 1 st part the total number of the electrode finger of IDT 1 3, 1 5, 1 8, and 20 
Three The number of the electrode finger of the 2nd part is 25, and, in the total 
number of the electrode finger of central IDT 14 and 19, the number of 47 and 
the electrode finger of the 1st part of these both sides of IDT 14 and 19 made the 
number of 5 each and the electrode finger of the 2nd central part 37. Moreover, 
the wavelength lambdaM of IDT is 3.88 micrometers. About other points, it was 
presupposed that it is the same as that of the 1st example. 
[0097] Although about 3.5MHz of pass band width in 4dB is narrow from through 
level in the above-mentioned modification compared with the surface acoustic 
wave filter 1 1 of the 1 st example so that clearly from drawing 1 7 , only about 0.7 
has improved VSWR. In this case, VSWR is improved, the insertion-loss level in 
a passband hardly changing, therefore maintaining low loss. That is, it turns out 
that a vertical joint resonator mold surface acoustic wave filter effective in the 
application as which reduction of loss in a passband by pass band width being 



narrow and reduction of VSWR are required can be offered. 
[0098] As mentioned above, it turns out that the band pass filter according to 
various applications can be offered easily, aiming at reduction of the insertion 
loss in a passband like the 3rd example by changing the balance of the number 
of the electrode finger of the 1st part, i.e., a ** pitch electrode finger. 
[0099] (The 4th example) Drawing 18 (a) and (b) are typical sectional views 
which meet in the direction which intersects the typical top view for explaining the 
vertical joint resonator mold surface acoustic wave filter concerning the 4th 
example, and an electrode finger. Drawing 18 (b) is a typical sectional view 
between the alternate long and short dash lines X and X of drawing 1818 (a). 
The electrode structure shown in drawing 18 (a) is completely the same as the 
1st example shown in drawing 1 . 

[0100] Therefore, about the same part, it considers as ****** which attaches the 
same reference number. The description of this example appears in drawing 18 
(b) clearly. That is, thickness of a ** pitch electrode finger is made thinner than 
the thickness of the electrode of other electrode fingers or a reflector so that it 
may be shown on behalf of the part in which IDT 19 and 20 and a reflector 22 are 
formed. That is, as shown in drawing 18 (b), thickness of the electrode fingers 
19f and 19g of the 1st part by the side of IDT20 of IDT19 and the electrode 
fingers 20a and 20b of the 1st part by the side of IDT19 of IDT20 is made thinner 
than the thickness of the remaining electrode finger or the electrode finger of a 
reflector 22. Similarly, also in the part between ****** IDT shown in drawing 18 (a), 
thickness of the ** pitch electrode finger of both sides is made thinner than the 
thickness of the remaining electrode finger. By this example, thickness of the 
electrode of a ** pitch electrode finger is set to 0.06lambdal2, and, more 
specifically, thickness of the remaining electrode finger is set to 0.08lambdal2. 
[0101] Moreover, in this example, the thickness of a ** pitch electrode finger is 
written thinly, and the design is changed so that electrode finger crossover width 
of face may serve as the 1st example with 38.2lambdal2 and 
lambdal1=3.93micrometer. About other points, it is the same as that of the 1st 



example. 

[0102] A continuous line shows the amplitude characteristic of the vertical joint 
resonator mold surface acoustic wave filter of the 4th example to drawing 19 . 
For a comparison, a broken line shows the amplitude characteristic of the vertical 
joint resonator mold surface acoustic wave filter 1 1 of the 1st example. 
[0103] According to the 4th example, compared with the 1st example, the 
insertion loss in a passband is further improved so that clearly from drawing 19 . 
Generally, with the surface acoustic wave filter using the Leakey wave, there is 
an inclination for loss by radiation of a bulk wave to become small, by making 
thin thickness of the electrode which consists of aluminum. However, when 
thickness of an electrode was made thin, and the stop bandwidth of that an 
electromechanical coupling coefficient becomes small and a reflector became 
narrow, there was a problem that broadband-ization could not be attained. 
[0104] In the 4th example, in order to solve this problem, in between IDT-IDT 
which radiation of a bulk wave tends to produce (i.e., the part in which the ** pitch 
electrode finger is formed), thickness of an electrode finger is made thin. With 
broadband width of face maintained, loss by radiation of a bulk wave can be 
reduced and a good property is acquired by this. 

[0105] (The 5th example) Drawing 20 is the typical top view showing the 
electrode structure of the vertical joint resonator mold surface acoustic wave filter 
concerning the 5th example. 

[0106] The description of this example is constituted by split electrode with which 
1 3f [ of division electrode fingers ] 1 or 1 3f of ** pitch electrode fingers is 
represented by 2. About other points, it is the same as that of the 1st example 
almost. Only the changed point is indicated below. 

[0107] Namely, in the 5th example, wavelength Iambdal2 of 35.7lambdal2 and 
IDT is set to 4.20 micrometers, and, as for electrode finger crossover width of 
face, lambdaM is set to 4.04 micrometers. 

[0108] The amplitude characteristic of the vertical joint resonator mold surface 
acoustic wave filter concerning the 5th example is shown to drawing 21 by the 



continuous line. A broken line shows the amplitude characteristic of the 
conventional vertical joint resonator mold surface acoustic wave filter shown in 
the 1st example. 

[0109] Also in the 5th example, it turns out that it compares with the conventional 
vertical joint resonator mold surface acoustic wave filter, and the insertion loss in 
a passband can be improved so that clearly from drawing 21 . 
[0110] Therefore, in this invention, it turns out about a ** pitch electrode finger 
that two or more may be constituted using the split electrode which usually 
consists of two division electrode fingers. 

[0111] (The 6th example) The circuitry of the 6th example itself is completely the 
same as that of the 1st example. Therefore, the detailed explanation is omitted 
by using the explanation which followed the 1st example. 

[0112] Wavelength of the electrode finger of the 1 st part [ in / in the point that the 
6th example differs from the 1st example / IDT 18-20 of the surface acoustic 
wave filter 12 ], i.e., a ** pitch electrode finger, is set to 3.88 micrometers. About 
other points, it is the same as that of the 1st example. 
[0113] That is, in the 6th example, in the vertical joint resonator mold surface 
acoustic wave filters 1 1 and 12 which were shown in drawing 1 and by which 
two-step cascade connection is carried out, if the wavelength of a ** pitch 
electrode finger is **, it is carried out. 

[0114] A broken line shows the amplitude characteristic of the vertical joint 
resonator mold surface acoustic wave filter of the 1st example for the amplitude 
characteristic of the vertical joint resonator mold surface acoustic wave filter 
applied to the 6th example as a continuous line at drawing 22 . 
[0115] According to the 6th example, it turns out that pass band width can be 
expanded compared with the 1st example so that clearly from drawing 22 . In this 
case, the value of VSWR was about 2.0 also in any of the 1 st and 6th example. 
Therefore, according to the 6th example, pass band width can be expanded, 
without worsening VSWR. 

[0116] Thus, when carrying out cascade connection of two or more surface 



acoustic wave filters, it turns out that pass band width can be extended changing 
the configuration of the ** pitch electrode finger of the surface acoustic wave filter 
of each stage, i.e., by changing the configuration of the ** pitch electrode finger 
of the surface acoustic wave filter of at least one stage with the configuration of 
the ** pitch electrode finger of the surface acoustic wave filter of the remaining 
stage. 

[0117] (The 7th example) Drawing 23 is the typical top view showing the 
electrode structure of the vertical joint resonator mold surface acoustic wave filter 
61 concerning the 7th example. In this example, it is equivalent to the 
modification of the vertical joint resonator mold surface acoustic wave filter 31 
shown in drawing 9 . That is, the surface acoustic wave resonator 62 as a series 
resonance child is connected to the serial between IDT14 and the input edges of 
the center of one step of vertical joint resonator mold surface acoustic wave filter 
31. 

[0118] Like this example, a surface acoustic wave resonator may be connected 
to a vertical joint resonator mold surface acoustic wave filter in this invention at a 
serial. Conventionally, it is known by connecting a surface acoustic wave 
resonator to a vertical joint resonator mold surface acoustic wave filter at a serial 
that expansion of the magnitude of attenuation outside a passband can be aimed 
at. However, although the magnitude of attenuation outside a passband 
increased, there was a problem that the insertion loss in a passband became 
large. 

[0119] On the other hand, in this example, since the above-mentioned vertical 
joint resonator mold surface acoustic wave filter constituted according to this 
invention is used, aggravation of an insertion loss becomes small. That is, aiming 
at reduction of the insertion loss in a passband by carrying out series connection 
of the surface acoustic wave resonator 62 to the vertical joint resonator mold 
surface acoustic wave filter 31, the magnitude of attenuation outside a passband 
can be expanded and a good filter shape can be obtained. 
[0120] Similarly, with the vertical joint resonator mold surface acoustic wave filter 



of this invention, since the insertion loss in a passband can be reduced, a surface 
acoustic wave resonator may be connected to the vertical joint resonator mold 
surface acoustic wave filter constituted according to this invention at juxtaposition, 
and expansion of the magnitude of attenuation outside a passband can be aimed 
at in that case, aiming at reduction of the insertion loss in a passband. 
[0121] Moreover, you may have the both sides of the surface acoustic wave 
resonator by which parallel connection was carried out to the surface acoustic 
wave resonator by which series connection was carried out. 
[0122] (The 8th example) Drawing 24 is the typical top view showing the 
electrode structure of the vertical joint resonator mold surface acoustic wave filter 
concerning the 8th example. The vertical joint resonator mold surface acoustic 
wave filter 71 concerning the 8th example has the same electrode structure as 
the vertical joint resonator mold surface acoustic wave filter shown in drawing 9 . 
A different place, with the surface acoustic wave filter shown in drawing 9 , to 
having considered as the imbalance input-imbalance output, by this example, the 
terminal 72 is formed so that the end of central IDT is not only connected to the 
input edge, but can take out a signal from the other end. 
[0123] In recent years, with the vertical joint resonator mold surface acoustic 
wave filter, giving balanced - unbalance conversion function is called for. An 
unbalanced input-balanced output type filter can consist of the 8th example 
shown in drawing 24 by making a terminal 74 as an input terminal and making 
terminals 72 and 73 into an output terminal. On the contrary, an input terminal 
can be constituted for terminals 72 and 73, and an output terminal, then a 
balanced input-unbalanced output type filter can be constituted for a terminal 74. 
Therefore, the surface acoustic wave filter which has balanced - unbalance 
conversion function that the insertion loss in a passband is small can be offered. 
The modification of the surface acoustic wave filter which has such a balanced - 
unbalance conversion function is shown in drawing 25 - drawing 30 . 
[0124] It consists of vertical joint resonator mold surface acoustic wave filters 81 
shown in drawing 25 so that outside IDT 13 and 15 can take out balanced I/O, 



and IDT14 of a center is connected to the unbalance input/output terminal 82. 
[0125] With the vertical joint resonator mold surface acoustic wave filter 85 
shown in drawing 26 , the phase of IDT 13 and 15 to IDT14 is reversed, and 
balanced - unbalance conversion function is realized. 

[0126] Furthermore, with the vertical joint resonator mold surface acoustic wave 
filter 86 shown in drawing 27 , in the surface acoustic wave filters 1 1 and 12 by 
which two-step cascade connection is carried out, the phase of IDT 18 and 20 is 
reversed, and terminals 87 and 88 are connected to IDT19 so that a balance 
signal can be taken out from IDT19. 

[0127] With the vertical joint resonator mold surface acoustic wave filter 91 
shown in drawing 28 , in two steps of vertical joint resonator mold surface 
acoustic wave filters 1 1 and 12, the surface acoustic wave filter 12 of the side 
which takes out a balance terminal is divided into the surface acoustic wave 
filters 92 and 93 which are two pieces whose crossover width of face is the one 
half of the surface acoustic wave filter 1 1 , and the phase of the surface acoustic 
wave filters 92 and 93 is reversed. 

[0128] Furthermore, as shown in drawing 29 , in the configuration which has two 
steps of vertical joint resonator mold surface acoustic wave filters 1 1 and 12, 
balanced - unbalance conversion function can be giving by dividing the 2nd 
surface acoustic wave filter 12 into the vertical joint resonator mold surface 
acoustic wave filters 96 and 97, and reversing the phase of IDT 13 and 15 to 
IDT14 of the 1st surface acoustic wave filter 11. 

[0129] With the vertical joint resonator mold surface acoustic wave filter 101 
shown in drawing 30 , each of two steps of vertical joint resonator mold surface 
acoustic wave filters makes crossover width of face one half, divides, and parallel 
connection is carried out. That is, the vertical joint resonator mold surface 
acoustic wave filter 1 1 is divided into two vertical joint resonator mold surface 
acoustic wave filters 1 1A and 1 1B, and the vertical joint resonator mold surface 
acoustic wave filter 12 is divided into the vertical joint resonator mold surface 
acoustic wave filters 12Aand 12B. 



[0130] Among these, as the phase of 1 set of surface acoustic wave filters is 
reversed, balanced - unbalance conversion function can be giving. That is, as 
shown in drawing 25 - drawing 30 , the surface acoustic wave filter which has 
balanced - unbalance conversion function can be offered like the 8th example 
according to various structures, reducing an insertion loss. 
[0131] (The 9th example) Drawing 31 is the typical top view showing the 
electrode structure of the vertical joint resonator mold surface acoustic wave filter 
concerning the 9th example of this invention. The vertical joint resonator mold 
surface acoustic wave filter 1 1 1 of this example of the vertical joint resonator 
mold surface acoustic wave filter and electrode structure which were shown in 
drawing 8 is the same. A different place is to form terminals 1 1 2-1 1 5 so that a 
signal can be taken out from all the edges of IDT 13-15. 
[0132] Here, since a balance signal can be acquired from each of a terminal 
1 12,1 15 and a terminal 113,1 14, the surface acoustic wave filter of a balanced 
input-balanced output can be obtained. Also in this example, since the vertical 
joint resonator mold surface acoustic wave filter is constituted according to this 
invention, a balanced I/O type surface acoustic wave filter with the small insertion 
loss in a passband can be offered. 

[0133] Drawing 35 is each outline block diagram for explaining the transmitter 
160 using the surface acoustic wave equipment concerning this invention. The 
duplexer 162 is connected to the antenna 161 in drawing 35 . The surface 
acoustic wave filter 164 and amplifier 165 which constitute RF stage between a 
duplexer 162 and the receiving-side mixer 163 are connected. Furthermore, the 
surface acoustic wave filter 169 of IF stage is connected to the mixer 163. 
Moreover, between the duplexer 162 and the mixer 166 of a transmitting side, 
the amplifier 167 and the surface acoustic wave filter 168 which constitute RF 
stage are connected. 

[0134] The vertical joint resonator mold surface acoustic wave filter constituted 
according to this invention as a surface wave filter 164,168,169 of RF stage in 
the above-mentioned transmitter 160 can be used suitably. 



[0135] 

[Effect of the Invention] With the vertical joint resonator mold surface acoustic 
wave filter concerning this invention The period of the electrode finger of the 1st 
part which is a part among at least three IDT(s) from other IDT edges where at 
least one IDT adjoins in the surface wave propagation direction Since it is 
constituted so that it may differ from the period of the electrode finger of the 2nd 
part which is the remaining part, it not only can aim at expansion of pass band 
width, but it becomes possible to reduce the insertion loss in a passband. 
[0136] Therefore, it is a broadband and a vertical joint resonator mold surface 
acoustic wave filter with the small loss in a passband can be offered. When the 
period of the electrode finger of the 1st part is smaller than the period of the 
electrode finger of the 2nd part, it can reduce the propagation loss of a surface 
wave and can make the insertion loss in a passband smaller. 
[0137] Especially, when the period of the electrode finger of the 1st part is 0.82 to 
0.99 times the period of the electrode finger of the 2nd part, the propagation loss 
of a surface wave can be made still smaller. When abbreviation coincidence of 
the ****** electrode finger pitch of IDT of a pair is carried out 0.5lambdal1, the 
loss emitted as a bulk wave can be reduced and an insertion loss can be 
reduced further. 

[0138] When only one side of IDT of a ****** pair is constituted so that it may 
have the 1st part and 2nd part and abbreviation coincidence of the ****** 
electrode finger pitch of IDT of a pair is carried out 0.25lambdal1+0.25lambdal2, 
the loss emitted as a bulk wave can be reduced similarly, and the insertion loss 
in a passband can be reduced further. 

[0139] When the electrode finger pitch [ in / in the electrode finger of the 1st part 
and the electrode finger of the 2nd part / a ****** part ] is carrying out 
abbreviation coincidence 0.25lambdal1+0.25lambdal2, the loss similarly emitted 
as a bulk wave can be reduced, and the insertion loss in a passband can be 
reduced further. 

[0140] When the polarities of the ****** electrode finger of IDT which has the 1st 



and 2nd part, and this IDT that adjoins IDT differ, a surface acoustic wave can be 
changed into an electrical signal between IDT-IDT, the conversion efficiency to 
an electrical signal can be raised by it, and the insertion loss in a passband can 
be improved further, and pass band width can also be expanded. 
[0141] In the both sides of the part which is as **** of IDT of a ****** pair, when 
the number of the sum total of the electrode finger of the 1st part is 18 or less, 
impedance degree of concentration is raised and the small vertical joint resonator 
mold surface acoustic wave filter of VSWR can be offered. 
[0142] When the pitch of the electrodes which are not changing the period of IDT 
of an adjacent pair is set to lambda (0.08+0.5n)l2 (0.24+0.5n) to Iambdal2 When 
more preferably referred to as lambda (0.13+0.5n+)l2 (0.23+0. 5n) to Iambdal2, 
required bandwidth can be secured according to various applications, such as an 
EGSM method, a DCS method, and a PCS method, and VSWR can be certainly 
made small. 

[0143] When the both sides of IDT of a ****** pair have the 1st and 2nd part in 
the surface wave propagation direction and the numbers of the electrode finger 
of the 1st part in both IDT(s) differ, impedance degree of concentration can aim 
at much more expansion of pass band width, although it gets worse and VSWR 
gets worse. 

[0144] When the thing which made Y shaft orientations rotate LiTa03 single 
crystal in 36-44 degrees focusing on the X-axis is used as a piezo-electric 
substrate, according to this invention, a vertical joint resonator mold surface 
acoustic wave filter with wide and pass band width and the small insertion loss in 
a passband can be obtained easily. 

[0145] When the thickness of the electrode finger of the 1st part differs from the 
thickness of the electrode finger of the 2nd part, loss by radiation of a bulk wave 
can be reduced by adjusting electrode layer thickness. An insertion loss can be 
reduced further, maintaining broadband width of face, since radiation of a bulk 
wave reduced loss by bulk wave radiation in spacing between IDT-IDT generated 
most when thickness of the electrode finger of the 1 st part was especially made 



thinner than the thickness of the electrode finger of the 2nd part. 
[0146] In the configuration to which cascade connection of two or more steps of 
vertical joint resonator mold surface acoustic wave filters is carried out, it 
becomes possible to extend pass band width further, without causing 
aggravation of VSWR, when the period of the electrode finger of the 1 st part in 
the vertical joint resonator mold surface acoustic wave filter of at least one stage 
differs from the period of the electrode finger of the 1st part in the vertical joint 
resonator mold surface acoustic wave filter of other stages. 
[0147] If the period of the electrode finger of the 1st part of the above is **, when 
being especially carried out in two or more steps of each stage of a vertical joint 
resonator mold surface acoustic wave filter, pass band width can be extended 
effectively. 

[0148] When at least one series resonance child and/or a parallel resonance 
child are connected to the input side and/or the output side, it not only can 
reduce the insertion loss in a passband, but according to this invention, it can aim 
at expansion of the magnitude of attenuation outside a passband. 
[0149] The vertical joint resonator mold surface acoustic wave filter of this 
invention may be constituted so that it may have balanced - unbalance I/O, and it 
may be constituted so that it may have balanced - balance I/O. 
[0150] That is, according to an application, the vertical joint resonator mold 
surface acoustic wave filter of various I / O forms can be offered easily. Moreover, 
since the transmitter concerning this invention is equipped with the vertical joint 
resonator mold surface acoustic wave filter constituted according to this invention 
as a band-pass filter, it has wide band width of face, and can constitute the 
transmitter of low loss. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The schematic-drawing-top view of the vertical joint resonator mold 
surface acoustic wave filter concerning the 1st example of this invention. 
[Drawing 2] The typical top view showing the electrode structure of the 
conventional vertical joint resonator mold surface acoustic wave filter. 
[Drawing 3] Drawing showing the amplitude characteristic of the vertical joint 
resonator mold surface acoustic wave filter of the 1 st example and the 
conventional example. 

[Drawing 4] Drawing showing the amplitude characteristic of the conventional 
vertical joint resonator mold surface acoustic wave filter. 
[Drawing 5] The mimetic diagram for explaining the relation between the 
electrode structure of a vertical joint resonator mold surface acoustic wave filter 
conventional 3IDT type, and resonance mode. 

[Drawing 6] Drawing showing the relation of a propagation loss with the ratio to 
the electrode finger pitch of the 2nd part of the electrode finger pitch in the 1st 
part of the vertical joint resonator mold surface acoustic wave filter of the 1st 
example. 

[Drawing 7] (a) And (b) is drawing showing each reflection property in the case of 
being 12 when the number of the ** pitch electrode finger in the vertical joint 
resonator mold surface acoustic wave filter of the 1st example is eight. 
[Drawing 8] Drawing showing change of VSWR at the time of changing the 



number of a ** pitch electrode finger in the 1st example. 
[Drawing 9] The typical top view showing the electrode structure of one step of 
vertical joint resonator mold surface acoustic wave filter concerning the 
modification of the 1st example. 

[Drawing 10] The typical top view showing the electrode structure of other 
modifications of the vertical joint resonator mold surface acoustic wave filter of 
the 1st example. 

[Drawing 11] The typical top view showing the electrode structure of the vertical 
joint resonator mold surface acoustic wave filter concerning the 2nd example. 
[Drawing 1 2] Drawing for explaining the difference of the resonance mode of the 
vertical joint resonator mold surface acoustic wave filter of the 2nd example, and 
the resonance mode of the vertical joint resonator mold surface acoustic wave 
filter of the 1 st example. 

[Drawing 1 3] Drawing showing the amplitude characteristic of the vertical joint 
resonator mold surface acoustic wave filter of the 2nd example and the 1st 
example. 

[Drawing 14] The typical top view showing the electrode structure of the vertical 
joint resonator mold surface acoustic wave filter concerning the 3rd example. 
[Drawing 15] (a) - (c) is drawing showing the reflection property of structure which 
changed the balance of the number of the ** pitch electrode finger in the vertical 
joint resonator mold surface acoustic wave filter of the 1st example, the vertical 
joint resonator mold surface acoustic wave filter of the 3rd example, and the 
vertical joint resonator mold surface acoustic wave filter of the 3rd example, 
respectively. 

[Drawing 16] (a) And (b) is drawing showing the amplitude characteristic and the 
VSWR property of the vertical joint resonator mold surface acoustic wave filter 
concerning the 3rd example, and the vertical joint resonator mold surface 
acoustic wave filter of the 1st example. 

[Drawing 17] (a) And (b) is drawing showing the amplitude characteristic and the 
VSWR property of a vertical joint resonator mold surface acoustic wave filter of a 



modification which were shown in drawing 15 (c). 

[Drawing 18] (a) And (b) is an important section sectional view which meets in 
the direction which intersects the typical top view and electrode finger which 
show the electrode structure of the vertical joint resonator mold surface acoustic 
wave filter concerning the 4th example. 

[Drawing 19] Drawing showing the amplitude characteristic of the vertical joint 
resonator mold surface acoustic wave filter of the 4th example and the 1 st 
example. 

[Drawing 20] The typical top view showing the electrode structure of the vertical 
joint resonator mold surface acoustic wave filter concerning the 5th example. 
[Drawing 21] Drawing showing the amplitude characteristic of the vertical joint 
resonator mold surface acoustic wave filter concerning the 5th example, and the 
conventional vertical joint resonator mold surface acoustic wave filter. 
[Drawing 22] Drawing showing the amplitude characteristic of the vertical joint 
resonator mold surface acoustic wave filter concerning the 6th example, and the 
amplitude characteristic of the vertical joint resonator mold surface acoustic wave 
filter of the 1 st example. 

[Drawing 23] The typical top view showing the electrode structure of the vertical 
joint resonator mold surface acoustic wave filter concerning the 7th example. 
[Drawing 24] The typical top view showing the electrode structure of the vertical 
joint resonator mold surface acoustic wave filter concerning the 8th example. 
[Drawing 25] The typical top view showing the modification of the vertical joint 
resonator mold surface acoustic wave filter of the 8th example. 
[Drawing 26] The typical top view for explaining other modifications of the vertical 
joint resonator mold surface acoustic wave filter concerning the 8th example. 
[Drawing 27] The typical top view showing the modification of further others of 
the vertical joint resonator mold surface acoustic wave filter concerning the 8th 
example. 

[Drawing 28] The typical top view for explaining other modifications of the vertical 
joint resonator mold surface acoustic wave filter concerning the 8th example. 



[Drawing 29] The typical top view for explaining the modification of further others 
of the vertical joint resonator mold surface acoustic wave filter of the 8th example. 
[Drawing 30] The typical top view for explaining the modification of further others 
of the vertical joint resonator mold surface acoustic wave filter of the 8th example. 
[Drawing 31] The typical top view showing the electrode structure of the vertical 
joint resonator mold surface acoustic wave filter concerning the 9th example. 
[Drawing 32] Drawing showing the relation between the number of a ** pitch 
electrode finger, and pass band width. 

[Drawing 33] Drawing showing the pitch variation of IDT, and the relation of a 
propagation loss. 

[Drawing 34] Drawing showing the relation between the distance between 
electrode fingers which is drawing for explaining the range where the distance 
between electrode fingers which has not made the pitch small is desirable, and 
has not made the pitch small, and the ** pitch electrode finger number which can 
obtain a good filter shape. 

[Drawing 35] The block diagram for explaining the transmitter equipped with the 
vertical joint resonator mold surface acoustic wave filter concerning this invention 
as a band-pass filter. 
[Description of Notations] 

1 - Vertical joint resonator mold surface acoustic wave filter 

2 - Piezo-electric substrate 

11, 12, 11 A, 11B, 12A, 12B-- Vertical joint resonator mold surface acoustic wave 
filter 

13-15- IDT 

13a-13h -- Electrode finger 

13f1, 13f2 -- Division electrode finger 

14a-14i - Electrode finger 

15a -- Electrode finger 

16 17 -- Reflector 

18-20 - IDT 



19f, 19g -- Electrode finger 
20a-20h -- Electrode finger 
21 22 -- Reflector 

31 -- Vertical joint resonator mold surface acoustic wave filter 

32 -- Vertical joint resonator mold surface acoustic wave filter 
33-37 - IDT 

41 -- Vertical joint resonator mold surface acoustic wave filter 
51 -- Vertical joint resonator mold surface acoustic wave filter 

61 -- Vertical joint resonator mold surface acoustic wave filter 

62 -- Surface acoustic wave resonator 

71 -- Vertical joint resonator mold surface acoustic wave filter 
72-74 ~ Terminal 

81 , 85, 86, 91 -- Vertical joint resonator mold surface acoustic wave filter 
87 88 -- Terminal 

92, 93, 96, 97 - Vertical joint resonator mold surface acoustic wave filter 
101 -- Vertical joint resonator mold surface acoustic wave filter 
1 1 1 - Vertical joint resonator mold surface acoustic wave filter 
112-1 15-- Terminal 

160 -- Transmitter 

161 --Antenna 

162 -- Duplexer 
163,166 - Mixer 

164 - Surface acoustic wave filter 

165 -- Amplifier 

167 -- Amplifier 

168 - Surface acoustic wave filter 

169 - Surface acoustic wave filter 
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iz&ux t> , zii^mmmtz-ftz^zm^^mw 
tttix^t. 

[0003] ramfficm i im. wm&*mm 

m^tix\^, zz-ca. msoiDTmizmim 

mftmzm&o 2im ivrmm^mmm^m 
mm* , tj-ci^i o . 5fgj&^-r^> 

[0 0 04] 

[ftffcfcllR 1 ] #ffl¥5 - 2 6 7 9 9 
[0 0 0 5] 

i^iii^idt. 1 DT»^t. Btea* 

PJ-^HS) ^63 6' Y*7hXfelLiTa 
0 3 ^6 4° Y^>y hXfSffiL i NbO 3 5rfc"c0j±maK 

[0 0 06] ^Bj^gwti, J^Lfc#tKSttl Offl 

4 iv-y *m?r& zuzhh* 

[0 0 07] 

\^*wm-hfz#>mm Mm<»ib\Mmz^ 

ffi*^rt&^=5r<i:t3o<7)IDTi:tflli. ^&<fc 
t> loo I DTtfcitl,, Hffi^fEffi^r^^KSLT^ 

h\m i DTiis^^-^T"fei>m i ^gp^omffi 

mcDffiW$\ Ml DT«10^T*I.12^£?) 



^JWC&£SSffi^ifc^ fflfflA 11, A 

1 2?&&imitmzwwmmb7 4 Mm®* 
[0008] ^m^hm^mmxn. m i 

»»ifK\ ®2^^€»^JH»!J: 0 
S<S*un^. *%0^J;DRSS6^iiffiT1±. mi 

0. 8 2-0. 9 9fgT"fc£ 0 

[00 09 ] ^BJ^^ijoffSOJiffiTli. B^o-ft 
CD I DTWIM. IS 1 Oi^€MtOjW»1g2cD 

is— 1 DTcDm-£onmm<p'mmm\ 0. 5 a 

1 l fcPHBtSfLTV^. 

[0010] ^m^imm&^mmxn. m&o-*i 

CO I DTCD— ^CD^\ m 1 Oi5^0^»gtDMII*\ 

m2cD^tDme^Mit^s j 5 t«§ii-cfc 

0. 2 5AI1 + 0. 2 5 A I 2 fcB8-&3*VO>£. 
[0011] *^BJtDS^tffiCD!ffSCD^ffiT1i, mi 
CDgP*<7)«®iCDMM^m 2 CDgP*^«S^CDMIB t M 
&£>$iVO^ I DTCfcUt, 1 (OiS^cOHflSfl 

ifrbfflmffO . 25AI1+0. 25AI2 t^-gc 

[0012] if%w<r>% t,\ l z%mm , M.<r>mmx'\i, m 

1 , m2<7)mi^th I DTL HI DTCKtl 

i DTtcD^ame^stt^M^^^^Tv^. * 
[0013] jfwmz ^^mm&mmxn, m 

±0)#<Uffl$m* . (0. 0 8 + 0. 5n) A I 2- 
(0. 24 + 0. 5n) A I 2 (n=l, 2, 3, ■■■) 
t^tLX^t. 

[0014] i^mm^ ^zm<rmji.<7Mmx\z, 
^■a-wcDiDTo, mmmtz^xv^wmm 

±0>*>Wm&£. (0. 13 + 0. 5 n ) A I 2- 
(0. 23 + 0. 5n) A I 2 (n=l, 2, 3, ■■■) 

[0015] *^BJCD§ ttS!l<0#S^ffiT{±, ^ffi 

Ml, W,2cr)U^^L. ^OIDT^ftSmiCD 

[ooi6] *^t;^uT(±. immmmmm- 
hKmMfMm^zw&^tihbnxnt£\^K nti< 

(i. L i Ta0 3 ip.£g ( f E1 £X$|£^[>fcY?fi^ftfc3 6 
-4 4JSoiEHT"0lK§-tt^iO^ffl^ttil> o 

[ o 017] ^mmmm^Mmxn. mtimi^ 
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mm 1 <oa&#<9m*m<o]gjp#, iuibh 2 <vmmm 

ti&tix^h. ^wm^^^mcom^commxn, * 
&&im?wi&$mM.y 4 ivyrn^ < t *> 1 

av^x, mi am 1 oi^ms^Mi^ii^ -> t 1 * 

S. *H0^§^tffi^5g^fflT1±. >yt£< b h 1 

[0020] *miiz&zwtt££2m?m&&$iffi%Ly 
4ivy\±, ^-ipmx&ttTtthx.^zmmti 

wtfc 

[0 0 2 1 ] *IS^tflS4aMaBi, 
[0 0 22] 

uifi'H ;/, -.; , 0 . *«JS:T OMcJW^ 

[oo2s]Hiii 1 <?mmmz%hW(}\ 
ismfmwmmmy 4 >v y zmwt & tz^mmm 
y-WMx-bz. tt&, ^mmmmar^mmmxn, 
e g s MttewimMe&mmrty v^xy a >vyiz 
mm%ti&hcDxfo&« Lnth, *muz&&m&& 
*m?mmmwmy 4 >wz. mm^com^mmm 
m^mmmm^immmmmz&fh^y v^x 
yjfV?tlzi>m^zk&'C%&. 
[0024] *mmm ma s$ ^mwmmmy 4 

ivy 1 (±, J±€S«2±t;. H 1 t^HW¥HHT'^§ 

S. J±ma«2(i, 3 6° Y#.yhXg«LiTa0 3 

wm^xmk^tvt^h , h-ot h. j±mss2 
ioe B B B M«L i t a o 3 £«£fflvvr assize 

i i < , fcSUiLiTa O 8 30gfiB1^)fl!l<O£ETO- 
£L flUfcfL i Nb0 3 SK J S^£if<a£M#l£IL 

[0025] ^mm<m&itgm-mM&$mky 4 



>V7 1 JEE«0R2±£A 1 t ± OJaTtPafrtS 

wsamffm&ftz^h* h^th. wmmt ix 

[0026] *§£JtWCJ2, H 1 , H2 OffiS^ft^ 
MWttHH^7 ^/^ll, 12 MifSMS^lTU 
£ . "t&fc % . 2 o«§^4±lM$ttlM7 i IV 

711,1 2&23fflmm2tiz\,-*&. 
[0027] m^mm&y 4 ivy ii, 1 2 a. v^tc 

^M^feffi*^td&-oTl£M§^3ffl^I DT£ 

1 2(2. 3 1 DT^^T«^ftS^»ltHH^7 
it. ^tt«&7^/^l 1,12?) 

[0028] 3lttftffii£7 ^Mllit IDT13- 
1 5 £ IrtS . LT . I DTI 3-1 5ff]ffi£tlX 

^m^mmmmn^mmzyv-^ 4 

%m 1 6 , 17 $ tix v ^ „ ?mmmm 

7^;^12k 3fflcDI DTI 8-2 ORXfl DTI 

8-20 ^-ffMs^iT v ^ h me>mmm$ftmwz. 

mWZtitzfU-^ 4 >?WMMm l, 2 2b &tt 
[0029] tmw\x\t, w&mw&y 4 ivy 110^ 

tf»*tffi*S^ I DT 1 40-S^'A^St ZflXti 

0. Sltt^fflft^^^^ l 2<7>tfr*raiBt3*ro>S 1 
DT19**SJ*«i:$fl.T^4. I DTI 3, 1 

5C0-S*\ -f^m, I DTI 8, 2 0C0-St^ 

£trO^. ASJ*si*4^(ii DTffli:t;gM$tiT 

^I.Jffi§Pfc(MlJ^)#I DTI 3-1 5, 18-2 0(7) 
MiHl^^BJ^^=5rJ;ot, r-^*fl[tSBRS^ 

[00 30 ] *^tfeM^«IS^ft«TMWtt^H^7 4 

ivy i cowan, w&mm&y < ivy 11,12 

T. M£o I DT^Mfflltfc^T, I DT<7)-gPom 

*)l>Wht>tiX\i*lz.k!iZ.bl. ztii. 1 dti 3, 

[00 3 1 ] I DTI 3 b I DT 1 4 til IMfeffi 
^TlSFtfcV^TBI^oT^S. I DTI 3(^)1 DTI 4|| 

<oasaiA^iR*<o«fiim i3a, i3b r^iSfgt- > y 

f-**, SO 13c, 13d, 1 3 e , 1 3 f , 

i 3 g r B y/) €Mt f -/ & x o t mub t>tix ^ s . 

IDTHtfcl^^ I DTI 3flt0«0l&* 

wmsg i4a, i4b r^mffi^t- - 7 f- ^\ ms^ 1 

4c, 14d, 14e, 14 f, 14grWS^t"7 
f-i 0 iSEftttLT^S. IDT13tfel^, 
±fB<7)J; o 1 1 DT 1 4fflSgg|5*»i?>^BF*ao«fiiii 1 3 

a , 1 3 b mcommv v rtmbbtix \> ^zmtzm 
lcom^-b l, m^mmi 3 c -i 3 g^wsix 

^wtt^H^y ^ 1 xn. & 1 d t*\ mm-th 1 
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[0 0 3 2] Jfirfe, tftfJtfMSfVCUS IDT14C 

a ^x (i , m i o^iiUffi^effi^^Mtitie^ § ^ 

tt^Lrv^^fi(tt't'< , idt 1 ^iioti&o* 
a*«m»it 1 4 h , 1 4 i arasfi-o^af^tts 

14h, 14 i^Sft^iTUSg|S#&lgl»fri:& 

£. 

[0 0 3 3] IDT1 5£iSWti>, IDT141C. 

I D T 1 3 i: |5]«(dg 1 <nU J jtim$L£ tlX i> 0 . H 1 
«0aS#JW#S 2 Oii^^ffl fig LT I ^ „ £ , WttfS 
M&7 4)V9l 2m<T>l DT 1 8-2 Otoivci, I 
DTI 3-1 5 fcHtttsHJit 3*1X^4. 

[ o o 3 4 ] , ia i mm&mmwmmsm 

[ 0 0 3 5 ] iWc, *»fi^5pttflffii£7 < !l<9 1 i0 
ifcgfcA I 2i:-tS. 

[0036] IDT13-1 8 WMB&36S(B(i» 
*1&3 5. 8 A I 2T|> I 9, HffiflSJfii 0 . 0 8 A I 2 
I D T 1 3 - 1 5 ^««f^*It(.il4.T 

[0 0 3 7] I DTI 3-'«^0*iC2 9*, fIL„ 

m i 4 * , m 2 <mft<?mmz 

2 5*. I D T 1 4 ■ ■ -VMm<VMk 3 3*, fl 

tmimm 1 ^a^(4 , maw»* ! 4 #t 

I) 0 , #*?)fS 2 0|^m*l^«<i 3 3-8 = 2 
5 *T"fe h . I DTI 5-- 2 9 *T"#> 

o , m i toi^om»it^*i^ 4 * , m 2 oa^oi; 

2 5 * o IDT Oifeg £7jrf_tf2 A I 1 
(4, 3. 9 0;unu A I 2(44. 19jumt*4. 
[00 38] KffS 16,17 t0m«!iC0»4 1 0 0 

^AR(44. 2 9/imtftS. 
[0039]^ m<Ogfcfri:3l2<Z>afiH:tf)|gi@ 
(4. ilcDIDTl S^Mfcbhb. HfliJgl 3 c^tf 

'ttisi i 3 b o4*t oPaWaiiii * o . -op^n 

0 . 2 5 A I 1 + 0 . 2 5 A I 2Xfoh« W) I D 

T^zanhm i ogp*fc®2 <vmb com^mmh m t 

#R{f I DTI 4 t I DTI 5b(?m y £o9M&l 4 
i , 1 5 aP B lc^OTBIIi4. 0 . 5 0 A I 1 b §tlT 

US. 

[0 04 0] I DTI 3, 15b. 

6 , 1 7 bco^ti^ticomm. -ftzhh I DT^HIS 



0. SOARXfoZ. 

[0041] ttl. #1 DTI 3 — 1 5«tjl— T-f — 
(40. 73. RltSfcOTA-T-f-tiO. 5 5T*S. 

[0042] fIi7^/^12«#IDT18 
-2 0M>'Rftft§2 1 , 2 2teOWCi, I DTI 3- 

1 5&tfEtfi£l 6,17 fc£< ^i«M$flTU 

*HJiM(4, mi , m2oii^op H w H iPi&vM^ 

o I DTP^rHlPi^'±IEOj;atlMf§fiTU|,;fc(; 

fc, dPl^ia|fIT«^5:l>*I^t(4. dft^ifc^ 
COO. 2 5fg^jDi^P H »LTi5<^fc*\ IDTO 

[0043] tmcotzwz, $m<om&it#m-$m& 
mm < )V9 mm itz . - 

^ttftffi&7 ^^€SffiB3r@2fc*1\ 02^ 
Wt>1>*%Z. 0 ^ 2 
0 1 (4. S^ftSTMWtt^ffliS^ 1 ^ i 0 & 
2«cOP B 1PS^IS(t^tlTfe ^T, 
^U^fc£G£lvn4, ™=«$3flTUl) 0 

W&MW&y 4ns9<n%mb*7&t1Bm&te2 0 osd 
££#B§#^ftT^ ; 1 1 ± D . ^^IW5rfM0Ji4^ 

2 0 1 T14. mSffi5t^f«4PiT^tfe 0 t Uz. 
[0044] -ftzh-to. IDT213 — 215, 218 

-2 2 0^)^1igW(44 3. 2AUU. ifc, ID 
T^figjyf^a(4 .. l'm r > >; ^-5 0 t L , I D T 2 1 
3, 2 1 5, 2 1 8, 220-2 5* o IDT214, 
2 1 9-3 1*. 

[004 5 ] 1DT(?M^A 1(4. 4. Kit 
SOSfcHA R(44 . 2 9 m 0 Ett^«fl6^*» 
(4. 0 0*t L^o I DT- I 

DTlSOttffi^MSgEffiJiO . 3 2 A I Sclttl 
fc.RI^iC^fft-|> I DTtOW^^Mglf(40. 
5 0 A R t L?Zv 3 I DT«fi-f^-a^ 

UT(40. 08 A I fc L-fc. 
[0046] ±Mico i 5 1 LmsSftfcHiftfll&tfffi! 

Testis #st§#it^^gp$- . mnmm^, >r-)v 
[0047] m3frt>mt>fr%i: o *njt^co«ai 
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urn 2 . 3d BTfciotztti. ^mmmxn. m i . 

[0048] ^*MT"(±. .X/l— U*^l/*»S> 4 . 

5 d B ^M^M^JilSfift 4 4MHztl)-) fc<Z)fc:*t 
Ls HMMTIi, x/L— K/^£>3. 9dBco«t 

6 d B /-Jit, J?A*£j&*SE#S*U . 

[0049] XmtmiZ&^X. JJEOJ: 3 fci? Aflt* 

Tli, I DTr H 1O€Sf^i:«ll{i:0. 2 5A 

if&ftfcSfrt^fc. ;*ui, -o-b-rxx^s oq 

K5 00Q t^g-f S - 1 i 0 0 J! t Ml § fm ^ 
H4<7)^*W^WttHffi^7 4 /^COM«ffffi«o!t 

i ) ^EPA-cT"^$ixi>b-^^ir-ri ) s^^m^- 

flT^SOij^-K (H4^*EPB) MX2#t-F 
(04O*EPA) COffit, I DT- I DT|BIPHa54J-tgp 
^ffijft<93aJK4Mj<9 b- ? £#o£J6*- h* ( H 4 <o 

[0 0 50] L*»L=5r**6, I DT- I DTISkoHHtf 

0 . 2 5 A I t §tlTV^Of\ M&feW^t^Rl 

[00 5 1]f^ ±fBfeJB!*£^§ < tStii. 

1 DT- I DTfaWalPi^ 0 . 5 0 A I t U T«gfl 

4i-*4<-frtfiv^#i^4. U&»L3rtf&, IDT 
- I D T^Wa!^ 0 . 5 0 A I t ttct^m, ±is 

[0 0 52] *SffiM(i. ±IE2-?c7)|8Jjg£»¥*frrSfc 

mmfth t . i d t - 1 d t^^hs: ij« 

mmMmznL. mmmcoffiMfM^^sizii. * 
snai^o *> oofeffi»**vh§ < £ . x . ± 

mvvi-m^<$tix^z>cvx\ wzx^xhw^ 



[0 0 54] l^t, H3t^L/iJ;5t, JEWttfttf 

[00 5 5] *mffl%iZ. ±IEH 1 ^gfcfrfcrfcftStt 
SUb-y^. ®2^^H;MLT^SS/h§ <-ttl 

[ o o 5 6 ] a 6 «it tt(±n i ^gp^^ms^ f >/ f- <n 
m2co^jfcommm^yi~izM-tttt ( ciii&^t^yf- 

5, 

[0057]^, 06^^^f#l>t|)/ioTtt, € 
»gb° >y f-s&SRV^mBKO^R* 8*. 1 2 1 8 

f-*«RV ^*«g£0« J±, I D T 1 3 - 1 5 *miZ t 

i d t 1 3 i «o3P4j-<oiws*&«03fEiifc (mix 

ii2ttm*ZtlX^&) IDT14WIDT13 

\mm i tf>9f#tf>»EK v f-^mffi^^*^ ( h i ti± 2 

*) «0^ff*V^t)«0i: L, <ItfO*^iaiT{i43fE**ia 
SSfLT^i**, ±IE^)J:at:8*. 12#&S^f±l 
8*fcUc 0 

[0 0 58] IsHUt, IDT15L IDT14t^'K 
^ 0 a«J-tli. b° -y ^^^^«»l^*^^)^ft 

EllT1i4*tH^S^T^S*\ Itaz-JY^X 
fc, _hlB<7)j:ot;8*, 12*aV18*fc Lfc. -t* 

i?t^ hi TfB«gb.y^Mi^ms^*a^' 

4*T-feSIMt^iaSLT^S £ t^S . OT^IMB^ 

[0059] mfrbWbfrzxoiz. m^y^-mmm 

tOb-y^Jt^'O. 9 5#}£tfc^T, t"«ih°7fiS 
[00 60 ] -t=S:*)^. ^rtfiJAfM*^/h§ < i-Hz 

ti , ti a« b .y ^ms^o b >y f - jt & ; oissoffi t-r 

f*giJ0JJ^S*\ Kb-y^mSf^ 
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[0 0 6 1 ] ®6ipt>Wt>ip%]: o fc, mm&ffin 

0. 8 3 — 0. 9 9 ^HT£>£>r toi 
i , m t >y ^TO&O b° -y ^ifcs&s 0.8 3 5feHT *> . * 

xmmmm^hi^t^itiif. o. 8 3-0. 9 

[ 0 0 6 2 ] act, »t«y?-*«&tf)#»tf)#£ Luffi 

mzmmitz. mm. m^-y^wm^m^. 

2#fcLfcfcStf>, **l^£fctt£SI3irffWl*3 
<7M y t°-^'yx»^0§ i a fc, #iftH-; 
£tl^Lfc^«£l*#tt£*i\ 07 (a) «b° 
■y^mSf^*a^8*^^^^L, 07 (b) ^ 

[0 0 6 3] «t-y^m»^*a^^<-ri.fc. -o- 

* S . * £ t\ Jild^M^ISIt^a* L , fctf .y f- 
[0 0 64] 08 VSWRiOffi, ifcH 

*&££Ml3tffc^<?)flrc£>£. VSWR 

?>ffif± 2 . 5 b -ti z\ b $mt l < . t tsmm® 
ma. mzxmmmt^m^y v*m$%&t 

hb, E G S Mj}^X"l£4 2 M H z VXhXfy hC\b ffiW. 

[0 0 6 5108 fctSWt , V SWR# 2 . 

±fz. m3 2frt>Wt>fr%Zdt,Z^ il}i»S^4 2M 
Hzlil±T"fel>^bv^€Sf^*ltt 1 8*&TX*fo 
£. -f&i^ f*h°.y^mSf^*itS- 1 8*£XTbt 
hz\b &#&L< , ffitJ; ot-i y t-^y^«o«tf> 

S* J B< & 0 , V S WR^&flffiHtf/hS < , 

[0 0 66] ftOSBOl^ I DT^«I£. Sgftflfo* 

J03 3tSf„ 03 3(i, m<0So I DTfaWslPi, 
^RfcfiaifcfettS I DTI 4t I DT 1 Sbcom'O^ 

dmmmi4 i . 1 5 ar H io^Q«ii(±^jfeMTi± 

0. 5 OA I 1 bZtlX^&tf, Z\C00. 50A I IS 

*^lt£Tn-y I-UckOT"fel> 0 03 3tfcUT, 
KDni ID T|^4"MSSESi£3gfl:3 b , 
toltLTi ^ . oi 0 . 7 4 /t^ & # h fz 

mzn.. m*)&o 1 ^Tm^mmma. 0. boa 



t^rfi 1 ossa- t n 2 ogp^- t ^nspia . susm 

t&SiotO. 25AI1+0. 2 5 A I 2T"£>!>; 

[00 67] mz, t°v^-^/h§<LTV^^m»^ 
±^^MEH. 0 1 -Ciidi'JI t^ fc . i/Jfti^ 1 3 

c h 1 4 c to^c«sii±. fc-^is^'at Lufrm 
sue. ^^**03 4^-r o 03 4(4, 

mmzH^X. EGSMM/ilK1^<, DCS* 
^ pcsm «^^ffliit^L7^;k^^g}i^ 

i ^ms^i5i±«^c^r B iggMs lis L^isat-fe i. . 
Ltzh^xhi, mma. t«y^^/h§< ltv^v^ 

m^^4^Q«|i^ . 0 . 5 n ( n = 1 , 2 , 

3- ) C9ffi£3I^T, t^TWO. 0. -0. 5<T) 

mmb^ixoizitzmxh^ , mtr, s^tt? 

4. 7 3tftofcfc-t4i:, 034T14O. 2 3 i; LT 
To >y hLTl^o 

[0 0 68] H3 4t*JUT, e«y^*/h§< LTV^=5r 

^m»llsi±^t«Si(4^o. 13-0. 23t 
ftftitTtJO. S&K-t-^TiZtf&^fctSVvt, 0.0 8 
-0. 2 4<?DigffltA'5T^5. 02coJ;55r^*S» 
Cti^Tti. ^cO^Mgilii^O. 2 5-0. 30f 

*>l.c: t3&*a* Lfr^fctf. *%ffl<M&&H 0.0 8- 

0. 24, SiL<f40. 13-0. 2 3<7)tEffl^'J;^ 

[ 0 0 6 9 ] *|s||feMT"tt. 3 6° Y*7l Xfe 

JSL i Ta0 3 H»^J\ fWS H H H ^fi^L i T 
a0 3 li^LiNb0 3 lK}:'lIl^U<, f^U 
H\ 3 6-4 4° Y^7bXfilLiTa0 3 lS, 6 

4- 7 2° Yt)y hXfi«L i Nb0 3 lS, 4 1° Y 
^•y bXfSffiL iNbOslK^'J-^S^ffl^ 

[ 0 0 7 0 ] ifc. 3 I DTSiS^ft 

t\ 0 9 t^-r i 3t^i MWttHH 
(c. 3ffl^iDT*#i-4t^iK£$^ mum 

1 0 t^-fffil^SS^S^ttUffi^^ -f }V9 3 2 O i 
oiZ. 5ffl(7)I DT3 3 — 3 7 i>tf>£i>, 

[00 7 1 ] ^fc^ *IKBt*Jv^ii. 
^ittSH^y 4}V9\tmh iDTwid 3j@t; 
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T»[4IM7 >f /^HIMK^t^ t><z>fc:|R 

[0072] (m2cDm$m\) mi *wmm2 

[0 0 73] ^2 <7)^MOSS^rft«^SWtt^ffi^ 
7^/^4 111 Sffl&fcflMtefefclMSflfc I D 
T14, 1 9^te$ftT^££fc£l$VvUi, ffiltf) 

[00 74] -ftchh. W. 1 «»4MT"(±. Hn5 I D 
L, S52<OHIISWC(i, I DT 1 4 , 1 9<0ftWl<0« 

[0 0 7 5] iO^flstfJfcli. 01 ltfc^t, IDT 
13, 1 5OIDT14iMc0«®f§13a, 15a 

a, 1 5afcBH^oTV^IDT14«D«ftf&14a, 

1 4 i #A*«fcffittS*i.-0^. -f&*>^ KHro I 
I . SlttlM? 1 2 fciswt t [l«fcf|j££;fi 

[OO77]012^Jg2 OMSM^W'IfJM 7 -f 

)v*4it.3Li emsmawimm? < >v? 1 

X* 5 0£2j&>£>5 OOQ^^TS^-b'^iilSLfe 

[00 78]gl2tfe^T, HU^H 2 ^H»JO|g 
«ei^lM(:-)^t«JSt s Hi 

2 tOD (±, 1 d t - 1 d T^HtWtt^BffiSogfiS^ 

[ 0 0 7 9 ] g? 1 commmtm 2 commm^^ %mn 

VnuKAs&izZ < =Sr o T u § ; t Tfo h . H 1 oUffi 

«M§iltl-li^t'\ IDT I DT|S1^#1MMM 
^Ill^CiltS £ fc *tf>*£||, I D 

t- i DT^ngptgsts^e-^&^rf ssist-HD 

[0 0 80] £*i£*tl/£\ 3&2<Z>§6l6WC(i. 



I D T|5j±t0Kff-f| ) «^Stt^KlE§ilT^I>t0 

t\ i dt - i DTmm§tx-%?mmmmmmmtz 
$m$ii&„ 1^, Jiiafts^-KD^mMi^to 

[oo8i]Hi3ti.n2 mmmmxsm 1 

ye-^yx^-m^ffljE-rsstftt, mi to^JfifiJt 
tstts^tHfefra^ itmmit 3 3. 4 a 1 2. if 7 

f-*®g<7)l!fcg£ 3 . 88^mt^S-ri>;fctJ:D# 

[0082] @i 33&»6^6*«5ri'5t, m2crmmm 

E<!5roTV^;fc3fii*i)*>S. lot, iDTfgJ 

mar 0 wm&mmKm^h z t m* 1 < . * 

ttfX*%&« 

[ 0 0 8 3 ] £ix m2 0H»J^Mii, 2S«© 
«Lfc«9S^^S!P14^ffi^7 11, 12<0 
-*^)»ttJV^T. ±IE^i 0 lz I DTia^B^-aiMS 

So 

[0 084] (^3«0^jfeM) 014(i, *56B^S53 

[ 0 0 s 5 ] gg 3 <7)mnm<7)&\tmwmy ^u^six 

Si^^lfeMt. Sfctry^ffi^^fi^Srt* 

1 ^\ 1 d t 1 3 com 1 wgfcfrosiEtr •/ f-wm^mi 

t, I DTI 4<7)l DTI 3ffl<7)mi<7)^^b°'yf- 

«®gt7)*Sc^M^5 i 0 ^zm^fiXii 0 . *»o 1 D 

T15»gl «bV)Rh° >/ f- t IDT 

1 4 <T> I D T 1 5 flCDH 1 «gP4J-^e «y ^^S^O* 

(i. mi<0H8tMi:l»I^tfilfi£$^T^S^ l»F — SP 
1 <7)^JSM^0J!^Sffl^S - fc^S . m 1 ?>§65feffl 

tt^ffi^7 ^;p^i2toiDTi3-i5 commmco^ 

[0 086] I DTI 3-3 0*. fflLUlOgP^tt 
*. I DT 1 4-««£<7)*S[3 3*. fit. Mfflom 

loii^a. ^w«f7fiif^ 3*^rt. ^ 

<7)m20i5^ii2 7*i7)m»§^*'^l»o 1 DTI 5- 

3 0 ffl 1 OgP^O 5 3fS. H 2 C?) 

^^m€Sf^*i*«2 5*. 
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[ o o 8 7 ] t tz . ^mmmizi-iv-.x i , mmm&y 

1 2(±|5lStffifig§tLTUl. 0 HI 

^TH^^TUS, -f&fc^ 01 4T14, IDT 
14tiSVVt(i, ^b°-y^mS^(4^1*0^(t^ 
*VCii9, 3&*oI DTI 3, 15»I1^T'I11 
b°-y^m»^ic!±3*T35I.^Oj; 5 fcH^iiT^ 

[0088] *SffiM0SiS^S®^MW'lt^H^7 
;W5 i^MI«ftt£Hi 5(b) t^-r. ^ Jtis 

Kmmitmi 5(c) »t 0 

[0089] ® 3 «0HS6MT«±, I DT^Mil 

on i <mtt<mvv*wm<n-mffm%&£ o m 

Sitftt, m»^^g{i:4 7 . 7 A I 2 SilTV^ 

[0 0 9 0] HI 5KBBfeA^J:ot. i?30HlfeM 

-fHfO^;: 2: . ifc, $£IDT14C9$b° 

•y £ , ift&II§ i*Tfc*£tf>Etmtt£ H 1 

5(a) tzjfrt. zm&m&jtiit. »3«DH»W= 

£VVC, I DTI 3, 15, 18, 2 0O«ffi*&OS* 
8#2 83k ffil^gP^«SI^*i^'3*. S&2tf) 
gp^^S^*^^ 5*, ^(-ISM^tiS I DT 
14, 19 <&9M&<?M#& £ 3 7 * t L , MiiOH 1 

t^S^'2 8. 6 A I 2 k ■SiVZ^i^biZ.hi. H 
15(a) frbWbi&i. o iz. .i^m^zli, A yt" 
-ryxi*sii ffii^jftMtJt^.r^^ns 

4. 

[0 0 9 1 ] S?3 oUffiMSV'H 15(b) fc^LfcK 
Ifff SSr^rf SSMK14, E G S MK«f(lg«f 
my j)V?{z\i&-f LhWMtchcoxiZ^tiK fl&Offl 
it T"(4±f EH 3 OUffiWSV'^ff^J^^T-fc £ £ i; & 
ftS. flUlf, Hi 5 (b) fc^-fiofc, ^yh-f 

Jl^til.*\ »i^i$fg(4J!5£ i £ffifrfc&£ 0 
[0 0 92] Srfr^ H 1 6 ( a ) &tX ( b ) <Z>5Stl 

ii , Jit am 3 tonjtM^ s s^ftfrawttM* 

it^O^^ H 1 6 ( a ) ( b ) (I, J 

o , n i <vmm<vim&im*wmmmiL7 a m 

1 1 <Offlm&RXfVSWRmc.£*rt. 

[0093] hi et^m^^xdiz, w.3<r)mmm 

lZi.ti\X\ !& 1 C0HlHplJC0*i^(Cj:b^-C , VSWRisfi 
0. 2MAtLX^htK XfV-VKjVt^Ad^ZHn 



[0 0 94] -f^fe. m3«H)jfiWtj;ilH\ VSW 

Rtf^uitLtzb Lxh. immm^ztm&M^ 
tt&imrmtmm®.? 4 iv? mm L%hzb &h 

[009 5] mz. HI 5 (a) IZ^LtzXd^ AV 
[ 0 0 9 6 ] H 1 7 (a)Slf'(b)tl ±IE^ffi?flJ^ 

ifis^«^s?¥tt^ffi&7 ^ m.w s 

MV'vswRHtt^^t, ^fc. Hi 7<7y^£Wz 

nwmmmts 1 . 0 a i 2 1 u id 

T13, 15, 18, 20 <?>mi<?M*m$ 2 8*. 

m 1 ^jf^mmm^Mi^ 3 * . m 2 oii^oms^ 

W*R* 1 2 5*TS) 0 . I D T 1 4 , 19 COWM 

*&<^)®+*{i4 7*, It I D T 1 4 , 19 <7)fflffll|<7)8& 1 

5 4v 1 1 2 

flB&W*R(i3 7*f: Lfc. ifc, I DTCO^A I 1 
(43. 8 8*imt*4. -e«0flfic?)jStoV^T(ilS 1 ^ 

[0097] Hi 7j&»6HJtea«5: <t a ±ia3S^IT 
(4. mi^^*M«Sltt^fflife7 1 1 KJfr^C, 

MHzl<^TUSi\ VSWRi4^0. 7^'iM# 

^:^^3a^-5Tti^>-f. m~>x{m&£%mitz£t. 

t,. iffii^^fl^^ffiMav'vswR^fg^'^ 
[0098] IMicOi. 0 1, ^3 crmmmcr) i 5 C 

[0099] (H4<7)SSSfeM) H 1 8 (a)SV(b) 
(4. m4;7)MtMt«l>ffil^ftS^SWttllffi^7 >f 
& Jtfe^m^BWHH^mS^i: itmt 

z>ij\ini,zfcoMmmmmxfcz>, hi s ( b ) (4. h 

18(a) CO-fiJMX, xr B ^^e«ffiHT"fcl> 0 
H 1 8 ( a ) titlllllt H 1 iZMttim i 

[0100] R-ai*tOV^Tti, 
#^'S: frt£ ; i ^« , *HffiW^#©(4. H 1 8 
(b) tBBISt^fiT^I.. -r=5r*)*), I DTI 9, 2 
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0 mmm 2 2 mm^nx ^tmzfm lx^-t 

«TO?)jgJP,J:>?t>*?<S*va^. -f&±>*>, 1318 
( b ) tijrf i 5 t, I DT 1 9C0 I DT2 OfflOSl 
£>Sftfr(7)ttfii*g 1 9 f , 19 gRV IDT20WIDT 

1 9 {mm 1 ^gfs^msn 20a, 20b comma 1 , 
n 0 omsf^si^ 2 2 otobkokw i 0 *>$£ < § 
tixx^h* mmz. His(a) £5$tmso 1 d 

0 ^msfgo^ii =t 0 i>w<. stress „ i 0 mmz 

0 . 0 6 a 1 2 1 ztixti ^o.m conmmcomm a 

0. 0 8 A I 2bZtlX^&. 

[ 0 1 0 1 ] ±tz, ^mmmxii. RVv+wmom 
mm<itz?z^. miemmmt. mmrnxmrn^ 

8. 2 A I 2 Jklf A I 1 = 3. 93//mh£!>J;5fct£ 

mtnnxhh, 

[oio2]m4 amm<m^m^mmmm 

1 io®ti#tt^wc-*t-o 

[0 1 0 3] 01 9#>£>HJ!£>£>&J;ofc, minmM 

i^Wttflffii£7 ^/t^TIi, A l j&»S>££**tf)JSJ¥ 

■f* 1 , «SWtt6B^flaW 1 /h3 < Z t k , 
ftN»£>.X h v 7VS> K«&< =5:5 £ fc&iffcrJ: D , J£ 
#HHfc fcHfi&u t v ^ |8JH#£> o fz » 
[0 1 04] m4«0HSSMTi±, ClOlSJgSrai&'tSfc 
At, A/^^OKIt^SMtJ^ I DT- I DT 

uxmm^mmm<Lxu^ ztuz&nx, m 
x% . m&m&%t>ti& . 

[0 10 5] 02Oi±, m5^JSM 

^wmmmmxhh* 

[0106] xmtmeffiwaz. m^-v^-mm^m 
mmm 1 3 f 1 , 1 3 f 2 testis i 5 stxtu >y h 

1 commmtmmmxh 5 . 

[0107] -tsrfc^ H5«siafMT(i, msn^n 

fitt3 5. 7AI2, I DT(?)MA I 2 #4. 2 0^ 
m s A I 1#4. 04jumi:S*fCV^S. 

[ o i o s ] H2 1 1(±. m5commMi,zmz>wmi^ 



^5 . §mt m 1 ^USSMT^ L S f i n ' S 

[0 1 09] 02 l^^^^iot. H5 0HJIM 
fcfc WC t , f£*WSS^ftfMWttliffi^7 4 )V? 

\^^xmmmnzmmxwk^mh%h z t 

[oho] i^t, ^wmzis^xii. mvy+mm 
mz^xn. a^(±2*o^fM»^^^ 

[oiin (meconmrn) mecommmn. mm 
tfL&mimi<?mmk£<mm?h$>. ^t. mi 

[0112] mecomtmwmicommmtmtch^ 

(i. 3lttHffi}£7^/^ 1 20 1 DTI 8-2 Otfcit 

**3. 8 8^mfc§ixTV>|> 0 ^Wffi^jStOV^TJilS 
l^feMiRffi-C^-S. 

[0113] 1" &*>^>. ^60HJt^jT1i, 01 t^L 

«: 2 mmmm^tix v ^ § «is^s®^5itt^H^7 

4)\r*ll, 1 2 tfc^T , y ^IWSJ&cOift^S 

[ 0 1 1 4 ] 02 2 1. Sa6tfil6^^JftMtfiSSi(89S 
^*«^S§lttllH^7 ^ /t-^^^B^tt^ , lit! 
1 OHSSWc0SII^»SWttHffi&7 /I^^cojgK 

[0 115] 02 2^^H^^^j:at, ®6^4M 

hZt tfhfrh . ^ V S WR^fltt ,11, $ 

60^MWvftltfcVvc^2. Oti^t. 

«^»Mt-|>if^\ #S05¥ttHffi^7 /l^O^e >/ 
^mS^m^*^ ^^:l> c: t [z X 0 , -f ft*)^^ 
< i: 1 1 -3^l5^Wtt^H^7 ^ ;k^^b° >/^«fii*g 
«0«JSS:S 0 «SO^tt^ffi^7 ^ ;^Olh" .y ^ms 

[0117] {micommi) 02 3«, m7o»sM 

t«SffiS^S^S5fttHffi^7 )V9 6 1 omsii 

it^^m?eewH0T*§o ^mmmxn. 09ts 

L^SS^-ft«T'iy^tt^H^7 ^^^31 ^^wt 
fflS-fS, -r^rt)^. lS«g^S^S5¥ttHffi^ 
7^/^3 1 O^*^) I D T 1 4 t ATJSfc f)^tlt^l 
^^i: L-r^*lt/<iHiK !!;-:;• 2^H^(cffig!STi 

[0118] *»tM^ i 3 1. *^tfc^T«SIS 
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«£7 4 ^7 fcIIW^tt«fcftSff £»f £ £ 
i J; 0 , S^i^hMtOfcU^ H 0 £ i: ^ 

Stw, a3i^ftfcfctfl>#APJ^A£<&l>fc 

[oii9] znmix, *mmmxi±, *^njt« 

A"f £ Z t , H# £7 ^ /l^ffft ; #T 

[0120] mmiz. *mi<vim&&m¥-msmmm 

x\ xim^tifzw^^mwmm 
my 4 /i^^mi^mmmm^m^imix *> j 

[ 0 1 2 1 ] ttz, mtmztiwmmmfc&m^k 
mmnzivmmwmmv>MiT&* ix^x t 

[0 12 2] (ffi8^Jfi^J) 024(4. fflE8<^e*W 

SM3$ttHHi£ 7 4)V91 1(4. 09 (^ LfcifiBBte 
«»S?¥tt3lffi^7 < ;k7 t »0€«lt£^ 
§ . t £ (4, 111 9 £5; Uc$tt«£7 4 ^7 

fcOtetfU tfrife«9iDT<o-Sft&*A3J 
SSWf v ^ I, fcWfr < . 
tti-ttl) J; d fcST 7 2 m^i^fiX n S . 
[ 0 1 2 3 ] Si£^fM?ffiHffi^7 4 /P7 
T14. Tffi-Wffi^SfgSrJtfc-frS Ztimhbtl 
T^5. 02 4^Udg8O||ffiMT14. ST7 4£ 
A7J*i^. Sf7 2, 7 3Srtti^3^i:-rSC:fcfcJ: 
0. ^¥ifA^-¥if^^^T07^P^^«-rS 
-Tfcj&^S. ST7 2, 7 3£A7JST. ST 
74^ffiMftttlll ¥®A7J-T¥'Mi7J7Tr 

m&m$i7 4 fr?*m&t&z t h. c\<7)£ 5 
tc^m-r^mmmmm^-m^mmmy 4 

Wm*. 02 5-03 Ot^-To 
[ 0 1 2 4 ] 02 5 ^^^^^^5114^^7 
/L-7 8 1 T14. ^HHffCO I D T 1 3 , 15 ^WAtt^I 
£JK9fflL#£J:3£fliJ£$*i.Ti5 9, ^IDTI 



[0125] 02 et^i^ftfBWttllffi^ 
^^8 5"Cli, I DT14t*ff4 I DTI 3, 15 

[oi26]§^t.H27 \zjtfm&]&m-wm. 
mm? 4 iv9 s 6Ti4. 2$mmmmztix^m<\t 

$ffi&7 4 fr? 1 1 , 12tfc^T. I DTI 8, 2 0 

eXm&KnZtiTts 0 . I dt l 9^A^y7fi^ 
* K 0 ffl U#l> i a 1 D T 1 9 ^ST8 7,88 # jg 

[0127] 02 8^^«^ftST»SHH^7 
-^^7 9 1 T14. 2l5^S^ftSTSWttSH^7 ^ 
^711, 1 2CfeUT, A^yx^^EDtti-riJ^ 

?¥tt^ffi&7 ^^712 *\ ^.mwmnmm&y < >u 

7 1 1 2 1«SttSIl7 ;L-7 9 2 , 9 

3t^fJ§^TfcO. WSHfflt7^^9 2, 9 

[0 128] H29^-TJ:dt. 2S^SIS 

^»S?¥tt^ffi&7 ^^711, 12 ^^-fSliEic 
tti^-C, m2t05ltt^ffi&7^^71 2^K-^« 
^OTtt*BBife7 ^^796, 9 7 t*fj t , jEpoSS 1 
C0WI4^ffi^7 -f 71/7 1 1 (0 I D T 1 4 tfcT-f £ I D T 

13, 1 5<r)&mu.m^hc\tfcz.*)^ 

[ 0 1 2 9 ] H3 0 ^^-TffilS^4i®^5lttllH^7 
^;l'7 1 0 1T14, 2S«S^®^S^tt^ffi&7 

4 )v? 1 1 1\ z^M^^m^mmm&y 4 >v 
7 1 1 a, 11 B^m^tixa 0 . mm^imrmw 
mmM7 4)V9 1 2*\ «is^ft«T3y^tt^H^7 

4 )V9 1 2 A , 1 2 B t^M$^lTV^ „ 

[oi3oi;«^i m.<mmmm.y 4 i^coim 

ffi^7 ^ ^7 SrUffi-f -6 - t I. . 

[0131] (m9comtm)m3n±,^mcom9 
^mmmizmm^^m^mwmmmy 4 )v?<?m 

mrmw&mmy 4 1 1 H8t^L»£ 
^stm^'[4^h^7 4 jv? t mmmmm-xh 

W£hkZb\i, £X<T) I DTI 3-1 50Sr» 
^^JROJiiL^iat. SB^l 1 2-1 1 5im 

[ 0 1 3 2 ] ; rtu, ifff 1 1 2 , 1 1 5 1 . m- 1 
13,11 4co%ti?fLfr^7yxm^$:%&z:ktf 
X%h<r)X\ TSfATJ -¥gfm7J^WttHH^7 ^ ^7 

tm - > »x% h , *mmiz&\ ~-x i , *mnzm 
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[ 0 1 3 3 ] 03 5«, *^njt«S5fttHffi^g& 

ffl^^amai 6 o£fM^i,^o&»*7n.y?0 
T"fcl> 0 03 sfciswc, ryfti 6 it;, f^rw 

?tf 1 6 2^11211X^1.0 fa71/?tl6 2J:g 
fiffJJS^-9-1 6 3 RFg^Sli&tSWttSH 
$>7 4 )V? 1 6 4RUm^Z 1 6 5^ffM§tLTUl. 0 
§ t S ^ 1 6 3 1 FgogPtt^ffi|S[7 4 )V9 1 6 

ffiO S 1 6 6 i; «=fi . R F 15* § 

1 6 7xvwimmk7 4)V9 1 6 smmztixvi 

s. 

[0134] ±immm 1 6 o tistts r f&oim 

7 4/1^164, 1 6 8, 1 6 9fcLT#SMI!fcft-5T 
[0 13 5] 

[ hbjo^h ] *wnm i w^imrm'mwsL 

7 ki>3-oco I DT&o <k 

t> 100 I DT£\ Hffi&fSlWMUfi LTV^ffiO 

i d t»*^-^t-s> h m i oii^o«»^ji|sj 

IZotzmtfLZtiX^loX:. »i&MIO&±£09 

[0136] fit-ox, mmxh d , t^wmrnw 
t&^t s . ss i m^mmmmnuK m 2 

AIM* & i 0 *3 < -f S £ t VX'Z & . 

[oi37]ic.si ^^mssiojusM® 20 

S^V)m»gOjfajO0. 8 2-0. 9 9fgO^-fc 

(±, Hffi&ofsffifi^s- «t 0 -Jf/h? < -r h l\ t ffix'c* 
h . 1 d t o^ 3 ms£t^[:«iti# 0 . 5 A 

•thW&WfcthZ k , #A#J=£ =fc 

[ 0 1 3 8 ] 0 —mo 1 d T(?)-i-«^i\ m 1 O 
^wm2oi5^^*t-i. J; 0 kzm^Kx^hm^ 
iz. -Mo 1 DTo^3m»^Q«ii*\ 0. 2 

5AI1 + 0. 2 5 A I 2fc*Hft$*VO^*£fc 

k IPC # , M3#^iift olfAJiB^ i 0 -JifiJtt 5 £ 

[ o 1 3 9 ] mi com^mmmkm2com^commm 
k im& o mm^z&i-immm^mmm^ o . 2 5 a 

1 l + 0 . 2 5 A 1 2£W-&l/0^*§£fcti. 



[0 140] mi, l?2«^^nM> I DTt, III 
DT«tS I DTt«^5»l»l> 

1 d t - 1 d Tstts i ^x wmmmmm 

&mbt>ti. mm^m^zmfmxm^ x^-m& 
w~tz> z k tfx-% . ip-oms^mmiii&^t^ - 1 

[0141] m&O—MM DTOF^-oT^S^O 

nflitti^T . m 1 o^oms^o^ito*it^ 1 8 

V S WRO/h§ i«^S^a?¥tt^ffi&7 ^ £ 

[0 142] P3D^5-SOIDTO, JffiJ^^^^ 
Tl^V«P±045'Qfalg|f&. (0. 0 8 + 0. 5 
n ) A I 2- ( 0 . 24 + 0. 5n)AI2fc Ltz^ 
tli, J: l 9ifiL<tt (0. 13 + 0. 5n + ) A I 2 
-(0. 23 + 0. 5 n ) X I 2k Lfc*&££ti, E G 

tT^^^S^ffi ffiT'S , *»OV S WR ZmZiZtb 
Z<-f&ZktfX'Z&, 

[0143] mmkmmfatz&^xBfeo-itn i d 

TOSMIl, »2WaWJ-^t. I DTKtJ 

(tsmioiJ^o«ffi^o«^M^S^tii, ^ >- 
h-^'Vxft^JSiiE^t, VSWRMttS io 
o. 3l^if@o J; 0 -M<?M±m$> z\ k ffX'% h . 
[0 144] LT, LiTa0 3 «^X 

#+^+.(::Y«;j>Ji:: 3 (r-4 4 ^)liM"C '^$-1^: 

< , ^mmmnzmmjMMf>\^wm^ 

[ 0 1 4 5 ] H 1 035^0€S^O)lJ¥^m 2 OSS^O 
W^OMJft M=5:l>*i^t(±, S ^ 

k lz£ *) , A^^^JSdtt J; S«^&ffi^t-rs ; t *i 
ifttc mio^omS^oMJ¥^m20gp* 

WftftMiy^-th I DT- IDTWItfeUT, 

rt)v?m&\z5Lhw&mfrh - ^'T'^ i.ot\ 

[0146] ^iMO«IS^«^^[4^H^7 -f ;k 
OSOffig^»S?¥ttllffi^7 4 /l^fcftSgl 1 

ogU^o€S^oMS!*\ fffioSoffife^fi^SWtt 
IM7 ^ ;k^t;fe(tl>m l ogp^o€S^oMIJ!fcM 

[ o 1 4 7 ] mz, m I s «is ^^m-mm.mm 
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t><$tix ui>*§^ mm^zmm^m^m 

[ 0 1 4 8 ] *Kf < t t> 1 oOB^JSSiW/S fcti 
M^*i^AMt»'/i fctifflifrfflfcgSKSfLT v > 
*»^T«3i^iirtOffiA^£ffi 
mUWmxtt:< , }KI^ii^MSs;i^teA£0§ 

[0149] *^0JM^£IB^MWtt»£7 ^ /I' 
[0150] tSrfcfc, JBIWEtT, «*$rAiiJ:&?B 

hut t?z. *muz&&mmmi. 

fr-Mm^mmmmm-hz. t i . 

[Hi] *m&m i commmmm^^m^mw 
&mm$.7 4 )V90yamm s ?w&. 
[02 ] wmm&im?-mmmwL7 4ns9vm> 

[03 ] m 1 co^ffiMat>"#*M<7)«^^^Wtt 

[04 ] m(vm&tm*wwmm7 4fr9m 

[05 ] 1^*^)3 I DTN 

[ 0 6 ] ss i <nmmtnm&i}]m=?mM&mwsi 7 4 
iv7com 1 comftizmzmmmv > y 2 <^%<n 

[07 ] (a)Sl/(b)llgl ^SJfeMoS^* 
»**83(e^%^&^ 1 2*Of^O#Kftff ft£*rf 

0 O 

[ 08 ] HI ^»«V^ . .y ^H1I£jO*K 

£^tS«:*§^OV s WRcrymite^-t 0» 

[09 ] ® 1 ^sffiMos^Jt^s 1 ^m^^m 

0o 

[0 1 0 ] m 1 osj^Ms^iM$ttii»7 

[011] m2 0^»Jt«l>«IS^®^S?¥ttllffi 

[ 0 1 2 ] m 2 amw\ am n ^w^mmmmy 

?mmm : i&7 4 j^eo^t-mmammti 

«0 O 



[ 0 1 3 ] m 2 c7)^stf5ij&L^ 1 mm < ^ * 1 1 1 

^»[4HHi!£7 * /^WlllttBtl. 

[ 0 1 4 ] m 3 const Mfcffi s ffl&isimrmmm 
m a )V7commmM^-mmwmm, 
[015] ( a ) - ( c ) a. ^tim. n 1 Oggjfeffl 

im&imf-wmmmL7 < ^mm3comm<o 
im&jmzmt&mmy 4 )V7[zmmx -v i-m 
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